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CHAPTER I 

INTRODUCTION 

Purpose of this Research 

Cation radical induced, single-electron transfer (SET) reactions 

have been widely studied. 1 In addition, the recent discoveries of 

cation radical induced oxidative intramolecular cyclizations^ and 

cycloadditions^"^ involving nitrile solvents have stimulated interest 

in the general concept of cation radical induced pericyclic reactions. 

It was found that thianthrene cation radical (Th+) caused the 

oxidative cyclization of arylhydrazones of chalcones and 

benzalacetones in acetonitrile to pyrazoles. In contrast, reaction of 

thianthrene cation radical (Th"^) and tris(2,4-dibromophenyl)amine 

cation radical (TDBPA+-) with arylhydrazones and oximes of non-

conjugated aldehydes in nitrile solvent caused oxidative 

cycloaddition to the nitrile group with the formation of 1,2,4-

triazoles. 

Therefore it was of interest to find if these types of reactions 

would occur in analogous oxidations of aldehyde semicarbazones, to 

explore particularly the possible oxidative intramolecular cyclization 

of the semicarbazones to give 1,3,4-oxadiazoles. 

Reactions of cation radicals with aromatic substrates are not 

well explored. Shine and Kim'7 found that Th+C104' reacted in 

acetonitrile solvent with some ortho-substituted phenols to give 

5-arylthianthreniumyl perchlorates. 

1 



Suttie^ and Popp9 reported that the anodic oxidation of 2,4,6-

tri-t-butylphenol in acetonitrile gave 5,7-di-t-butyl-2-methyl-

benzoxazole. These observations drew an interest in the reaction of 

cation radicals with other phenols. The objective of studying the 

reactions of thianthrene cation radical with phenols was to 

investigate the effect of substituents on the formation of 

benzoxazoles and 5-arylthianthreniumyl perchlorates. 

Literature Review 

Cation Radical Chemistry 

A cation radical is formed by the removal of an electron from a 

neutral molecule. The species so formed is at the same time a cation 

and a radical. Cation radicals have been prepared by chemical 

oxidation, anodic oxidation and photoionization. Perchloric acid,!^ 

persulfuric acid,^l concentrated sulfuric acid, 12 nitrosonium 

tetrafluoroborate^^ and some Lewis acids, e.g., SbCl5l4 have been 

used as oxidizing agents. 

The most extensively studied cation radicals are those of 

electron-rich heteroaromatics such as thianthrene, phenothiazine and 

phenoxathiin, that is those that are stabilized by electron 

delocalization. The commonly used thianthrene and phenoxathiin 

cation radicals have been prepared by oxidation with perchloric acid 

in anhydrous solvents.^0' 1 '̂ ^̂  

Phenothiazine cation radical was made by oxidation with 

iodine-silver perchlorate. ^^ Some organonitrogen cation radicals, such 



as of tris(p-bromophenyl)amine and tris(2,4-dibromophenyl)amine 

are also well known. These amine cation radicals were prepared by 

oxidation of the corresponding triarylamines with SbCls. All of these 

cation radicals can be isolated as crystalline salts. 

In 1868, Stenhouse observed for the first time that thianthrene 

dissolved in concentrated sulfuric acid, giving a purple-colored 

solution with sulfur dioxide evolution. 18 Over ninety years later, it 

was found that the purple color was caused by the thianthrene cation 

radical, which had been formed by oxidation of thianthrene with 

sulfuric acid (equation 1). 

+ 3H2SO4 

+ 2HSO4" + SO2 + 2H2O (1) 

The thianthrene cation radical was correctly identified with 

electron spin resonance spectroscopy (ESR) in the period 1961-62.1 

A five-line ESR spectrum was obtained from the purple colored 

solution of thianthrene in sulfuric acid. 10, 14(b), 19-21 it ^^s caused 

from coupling of the electron spin with one of the two sets of four-

equivalent protons. However, the ESR spectrum could not distinguish 

which set of protons gave rise to the five lines. To solve this problem, 

the ESR spectra of appropriately substituted Th+- were taken. A 



number of 1-substituted thianthrenes gave a five-line ESR spectrum 

like that of Th+- itself. In contrast, a number of 2-substituted 

thianthrenes gave distorted three or four-line spectra.22 The 

complete resolution of the ESR spectrum of Th+- was achieved by 

resorting to low temperatures and a different medium 

(nitromethane-aluminum chloride).23 The spectrum showed the 

expected 25 proton lines and hyperfine splitting by naturally 

occurring 33s 

A number of reactions of cation radicals with various 

nucleophiles, such as water, 16, 24 ammonia,25 amines,26, 27 

aromatics,^' 28 organometallics,^9-3l ketones,32-34 alkenes,3 5 

alkynes,35 chloride, 1^ nitritel^ and nitrate ionl^ have been 

discovered and explored. Reactions of thianthrene cation radical with 

nucleophiles take place usually at the sulfur atom (equation 2) and 

sometimes at a ring position (equation 3). 

+ NuH 

+ Th + R-" (2) 

(3) 



The mechanism of the reaction of Th+- with nucleophiles has 

been studied by Hammerich and Parker.36 in general, three different 

mechanisms: disproportionation, complexation, and half-generation 

have been considered. 

Disproportionation: 

2Th+- ^ Th+2+ Th (4) 

Th+2 + NuH ^ Products. (5) 

Complexation: 

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

(Th/NuH)+- + Th+- ^ (Th/NuH)+2 + Th (7) 

(Th/NuH)+2 ^ Products. (8) 

Half-generation: 

T h + + N u H •« (Th-NuH)+- (9) 

(Th-NuH)+- + Th+- •« (Th-NuH)+2 + Th (10) 

(Th-NuH)+2 ^ Products. (11) 

The important difference between the disproportionation and 

the other two mechanisms is that the dication, rather than the cation 

radical is the reacting species. The difference between the 

complexation and the half-generation mechanism is that in the 

former a complex is formed from the initial interaction and covalent 



bonding does not occur until later, while in the latter the covalent 

bond formation takes place in the first step. 

The reaction of thianthrene cation radical with water was 

studied in detail. In 1969, Shine and Muratal^. 37 proposed that 

reaction involved a disproportionation pathway. However, Parker 

and Eberson38 found that direct reaction of the radical ion with water 

occurred. Thereafter, Evans and Blount39 indicated that the reaction 

is second order in thianthrene cation radical, third order in water 

and inverse first order in acid. These observations led to the proposal 

of the following mechanism. 

Th+--hH20 * (Th-0H2)+- (12) 

(Th-0H2)+ + H2O ^ (Th-OH)-+ H3O+ (13) 

(Th-OH). + (Th-0H2)+ ^ (Th-OH)+ + Th + H2O (14) 

(Th-OH)+ + H2O ThO + H3O+. (15) 

Hammerich and Parker40 reinvestigated this reaction in the 

presence of a base. Even under a very low concentration of base, the 

reaction order in water changed from the high variable values 

observed under neutral or acidic conditions to one. The proposed 

mechanism is as follows: 
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Th+- + H2O ^ *- (Th-0H2)+-

(Th-0H2)+- + B ^ (Th-OH)- + (BH)+ 

(Th-OH)- + Th+- -̂  (Th-OH)+ + Th 

(Th-OH)+ + B . - ThO + (BH)+. 

(16) 

(17) 

(18) 

(19) 

In an overall review of this problem, Vieil et al.^l recently 

proposed that the hydroxylation reaction can be between first and 

third order in water depending on the concentration of water. 

Shine et al.26, 27 reported that some amines reacted with cation 

radicals. For example, t-butyl amine reacted with Th"""- CIO4" to form 

the N-protonated-N-alkylsulfilimine perchlorate (1) and thianthrene 

(equation 20). 

+ tBuNH2 

CIO, 

+ Th + HCIO4 

CIO. 
(20) 

Ammonia25 also reacted with thianthrene cation radical 

perchlorate to give the dimeric product (2) (equation 21). 
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+ 4NH3 

CIO, 

+ 2Th +3NH4CIO4" 

CIO, 
(21) 

Reaction of Th+- CIO4" with aromatic compounds has been 

studied^' 8̂ and proceeds as in equation 22, giving a 5-aryl

thianthreniumyl perchlorate (3). 

+ 

CIO4" R = OCH3, NHAc 

+ Th + HCIO4 

CIO. 

(22) 

A detailed kinetic analysis of the reaction between thianthrene 

cation radical and anisole was made by Parker et al.'*^ At low Th+-

concentration, first-order kinetics in both Th"*"- and anisole were 

observed (equations 23 and 24). At high concentration, the reaction 

was the second order in Th"*"-. The proposed mechanism is as follows: 



Th+- + AnH 

(Th/AnH)+-

(Th/AnH)+-

Th + AnH+-

= ^ (Th/AnH)+2 + Th (Th/AnH)+--h Th+- -^ 

(Th/AnH)+2 ^ (Th-An)+ + H+ 

(23) 

(24) 

(25) 

(26) 

Shine and co-workers29-31 reported the reactions of 

organometallics with Th+-C104". From the reactions of MeHgR (R = Et, 

i-Pr, t-Bu) it was deduced that the reaction begins with electron 

transfer rather than with electrophilic cleavage of an alkyl-mercury 

bond (equations 27-29). The radical (5) that was generated from the 

decomposition of 4 was trapped at a sulfur atom of Th"*"- to form a 

5-alkyl- or arylthianthreniumyl perchlorate (6). Also, hydrogen atom 

abstraction from the solvent was observed. 

R- + 

+ R2Hg 

CIO. 

R2Hg 

4 

+• 

CIO, 

S ^ 

R 

5 

< ^ 

% ^ 

If 
II 

) 

+ 

R 
1 

.Si 

6 

+ R2Hg+C104 

RHg^ 

Y^ 
C104-

(27) 

(28) 

(29) 
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Recently, oxidative cycloaddition of arylhydrazones of 

benzaldehyde (7)6 (equation 30) and oximes (9)^ to nitrile solvents 

(equation 31), and oxidative intramolecular cyclization of 

arylhydrazones of chalcones and benzalacetones (12) to form 

pyrazoles^ (13) (equation 32) were discovered by Shine and 

co-workers. 

< . ^ -RCH=NNHAr + 2Th^_5!™_^ R—C^ N—Ar ^ T̂h + 2H'' 

N = C 
\ 

R' 
8 

RCH=N0H + 2Th^_^!i3CN^_H20^ ^ ^ j ^ ^ RCN + Th + ThO 

+ R-C-^ p + CH3-C^ ^O 

N=C^ N = C 

10 11 

(30) 

™3 . , R (31) 

R 
R fl ^ 

ArCH=CHi=NNHAr'+ 2Tĥ : ^Ar-J!^ ^N "" ^ ^ ^ ^^^ 

12 N 
I 

Ar' 

13 

(32) 
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Reaction of l,r-azoadamantane (AdN=NAd) with thianthrene 

cation radical in acetonitrile was reported by Shine and co-workers."^ 

The reaction produced nitrogen and thianthrene in quantitative 

yields. The formation of adamantyl cation (Ad+) which was trapped 

by the solvent acetonitrile to give, eventually, adamantylacetamide 

(AdNHCOMe), was also observed. The proposed mechanism is as 

follows (equations 33-36). 

Th+'-h AdN=NAd ^ Th -i- (AdN=NAd)+- (33) 

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

Ad- + th+- ^ A d + + Th (35) 
H2O 

Ad+ + CH3CN—• ^—^ Ad-NHCOCHs + H+. (36) 

On the other hand, Engel, Shine and co-workers43 reported that 

2,3-diazabicyclo[2,2,2]oct-2-ene (14) reacted with Th+- (equation 37) 

and TBPA+- (equation 38) to form 15 and 16, respectively, without 

the loss of N2. y. 

• N 

^ - a ^ . . <3.. 
16 

Br 

+ TBPA 
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Bauld'̂ '̂  and Gassman45 have reported that TBPA+- catalyzed 

Diels-Alder reactions with enormous rate enhancements. Extremely 

reactive cation radical dienophiles were formed (equation 39). Bauld 

et al.44(d) proposed the mechanism of reaction as follows: 

Electron transfer: 

+ TBPA""- + TBPA (39) 

Pericyclic reaction: 

^ 

Electron transfer: 

+• 

+ 

+• 
+ • 

+ • 

(40) 

(41) 

Oxidative Chemistry of Semicarbazones 

It has been reported that the oxidative intramolecular 

cyclization of semicarbazones (17) can occur anodically46 and 

chemically with a variety of oxidizing agents.47-53 Maggio and 

co-workers were the first to find the formation of an oxadiazole by 

oxidation with aqueous sodium hypobromite47, 48 and iodine in 

sodium carbonate.48 Thereafter, the oxidative cyclization of 
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semicarbazones was studied with several oxidizing agents, such as 

iodine-potassium iodide,49 bromine^O* 53 and lead tetraacetate.^ l In 

contrast, oxidation of semicarbazones by heating with alcoholic ferric 

chloride was found long ago to give the isomeric triazolinones.^ 2 

Scott and co-workers53 have discussed whether an oxadiazole 

(19) or triazolinone (20) should be formed in oxidation of a 

semicarbazone with bromine in acetic acid solution. They observed 

that reaction led to the formation of an oxadiazole in the presence of 

either (or both) sodium acetate or water, but led mostly to a 

triazolinone (20) and small amounts of oxadiazole (19) in anhydrous 

acetic acid (equations 42-44). 

Br 
ArCH=NNHC0NH2 — • ArC=NNHC0NH2 

17 18 (42) 

N • N 

AcONa 
A r — c / N) ^ AT—C y 

{ /J \ // (43) 
and/or H 2 0 / ^ 0 ^ = 0 O \ 

NH2 19 NH2 

18 
21 

AcoO 

A r - t : ^ ' ' ^ N H -H^ A r - C ^ ^ ^ N H + 19 (44) 
*^^ / ^ \ / 

/ HN—a 

22 ° 20 
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Hammerich and Parker46 reported the anodic oxidation of the 

semicarbazones. Only oxadiazoles were formed in acetic acid/sulfuric 

acid solvent, whereas only triazolinones were formed in the solvent 

acetic acid/acetic anhydride/sulfuric acid. In neither solvent was a 

mixture of oxadiazole and triazolinone formed. It was proposed that 

triazolinone (20) was formed from the nitriliminium ion (22) while, 

possibly, oxadiazole (19) was obtained from the enolic form (23a) of 

aroyl semicarbazide (23) generated in solution by hydration of 22 

(equation 45). 

ArCH=NNHC0NH2 
17 

- • Ar-C=N-NH-C0NH2 
-2e" 

^ A r - C ^ N 
H2O + \ // 

O—C, 
NH 

19 

22 

H2O 

OH ^ 

Ar-(b=NNHC0NH2 

o It "' 
Ar-ft-NHNHCONH2 

23 

(45) 

Oxidative Chemistry of Phenols 

Chemical54 ^nd anodic36, 55, 56 oxidations have been under 

intensive study. With a variety of oxidizing agents, phenols undergo 

oxidation to give the corresponding quinones,^^ hydroxylation in the 

aromatic ring,58 coupled products^^ and polymer.^O The anodic 
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oxidation of phenols, especially of those substituted in one or more of 

the positions 2, 4 and 6, has been the subject of extensive studies. 

Ronlan and Parker^l reported that during anodic oxidation 2,6-di-t-

butyl-4-alkylphenols reacted with a nucleophile, such as water, 

methanol and acetate ion, to give a 4-substituted-cyclohexa-2,5-

dienone (25) as the major product. When R was methyl 27 and 2 8 

were also obtained as minor products along with 25. Especially, 

under a low concentration of water as nucleophile, significant 

amounts of 27 and 28 were obtained through the intermediate 2 6 

(equations 46-48). 

O 
tBu tBu 

Nu" 
tBu 

R = tBu, Me 

R = Me 

tBu 

25 

OH 
tBu. i ,tBu 

(46) 

tBu 

Nu" 

MeCN 

CH2+ 

26 

27 

OH 

(48) 

CH2NHC0Me 
28 
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In the presence of oxygen, anodic oxidation of the 2,4,6-tri-t-

butyl phenol gave the peroxide (30) through the radical 

intermediate 29 (equation 49).8. 62 

30 

(49) 

When the 4-substituent was less bulky, e.g., methyl or ethyl, 

coupling took place to give a dimer (31) (equation 50).63 

? 

(50) 

31 
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But, when the 4-position was unsubstituted, coupling led to the 

formation of diphenoquinones (33) (equation 51).64 

(51) 

Suttie8 and Popp9 have reported that the exhaustive 

electrolysis of 2,4,6-tri-t-butylphenol in dry acetonitrile gave 5,7-di-

t-butyl-2-methylbenzoxazole (34a), while when water was included 

in the solvent the 2,6-di-t-butyl-p-benzoquinone (35) was obtained 

(equations 52-53). 
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+ tBu"" 

(52) 

(53) 

In 1974, Shine and co-workers^ found that some phenols 

reacted with Th+-C104" to give 5-arylthianthreniumyl perchlorates 

(36) (equation 54). 

OH 

+ 

CIO 4 X = H, Cl, t-Bu 

OH 

+ Th + HCIO. 

(54) 

CIO. 
36 
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Structures and Abbreviations 

For convenience, a number of abbreviations will be used 

throughout this dissertation. 

Thianthrene Th 

CIO. 

Thianthrene cation 
radical perchlorate Th+-C104- or Th+-

Thianthrene 5-oxide ThO 

Thianthrene cis-5,10-
dioxide 

Th02 

Tris(2,4-dibromophenyl) : TDBPA 

amine 
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Tris(2,4-dibromophenyl) 
aminium hexachloro 

antimonate TDBPA+-SbCl6- or 
TDBPA+-

Tris(p-bromophenyl) 
amine TBPA 

Tris(p-bromophenyl) 
aminium hexachloro 
antimonate TBPA+SbCl6 

Me 

tBu 

2,6-Di-t-butyl-4-methyl 
pyridine DTBMP 



CHAPTER II 

EXPERIMENTAL SECTION 

General Information 

Solvents. Reagents and Purification Techniques 

Solvents acetonitrile (Eastman Kodak), acrylonitrile, and 

propionitrile (Aldrich) were dried by distillation over phosphorous 

pentoxide under argon prior to use. Carbon tetrachloride (Aldrich, 

NMR grade) was used as obtained. All other solvents, unless 

otherwise specified, were technical grade, and were distilled over 

phosphorous pentoxide prior to use. 

Thianthrene (Fluka) was purified by column chromatography 

on silica gel using petroleum ether (40-60 ^C) as eluent, followed by 

recrystallization from acetone, and had mp 158-159 ^C (lit.65 mp 

159 oC). 

2-Allyl- and 2-t-butylphenol were distilled under vacuum. 

2,4,6-Tri-t-butylphenol and 2,5-di-t-butylhydroquinone were 

recrystallized from ethanol. All aldehydes, semicarbazide 

hydrochloride and other phenols were obtained from chemical 

suppliers and were used without further purification. 

Chromatographic Techniques 

Eastman Kodak Chromagram silica gel sheet (Cat no. 6060) was 

used for diagnostic thin layer chromatography. Preparative-scale 

thick-layer chromatography (TLC) was carried out on plates made 

21 
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from MN-Kieselgel (Cat no. 816-38), Brinkman Instrument Co. 

Column chromatography was performed with silica gel (Baker, 

3405R, 60-200mesh). 

Gas chromatographic (GC) analyses were made with a Varian 

gas chromatograph (Model 3700), attached to a Varian integrator 

(Model 4270). The following columns were used; 

A. 5% SE-30 on 100-120 mesh Supelcoport, 2 ft., 1/8 in., stainless 

steel. 

B. 10% OV-101 on 80-100 mesh Chrom WHP, 2 ft., 1/8 in., 

stainless steel. 

C. 20% Carbowax-20M on 80-100 mesh Supelcoport, 3 ft., 1/8 in., 

stainless steel. 

D. 20% BEEA on 60-80 mesh Chrom PAW 13 ft., 1/8 in., stainless 

steel. 

E. SE-30 Bondapak capillary column, 15 m., 0.25 mm. 

Quantitative analysis of products by GC was performed with 

the use of authentic compounds and internal standards. First, the 

response factor (Rf) of each compound (a) was determined separately 

by comparing the concentratrion factor (Cfa) of the compound with 

that (Cfs) of the standard. 

Cf a = Area of GC peak of compound (â  
Amount (in mmol) of compound (a) 

Cf s = Area of GC peak of standard 
Amount (in mmol) of standard 
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Rf= Cf_a 
Cf s 

Next, the areas of peaks in the GC of the mixture of products 

and added standard were measured. 

Amount of a compound (a)= Area of peak (â  x amount of standard 
(in mmol) Rf of the compound (a) x Area of peak 

of standard 

Spectroscopic Techniques 

iH NMR spectra were recorded with IBM-Bruker 200- and 

300-MHz spectrometers. iH NMR chemical shifts were measured in 

ppm relative to tetramethylsilane. The coupling constants (J) were 

measured in Hz. The following notations are used for multiplicity; s-

singlet, d-doublet, t-triplet, q-quartet, m-multiplet, br-broad. 

Mass spectra (GC-MS and MS-DIP) were taken on a Hewlett-

Packard GC-Mass spectrometer. Model 5995. 

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

Lamda-5 spectrophotometer. 

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

spectrometer. 

Elemental Analyses 

All elemental analyses were performed by Desert Analytics, 

Tucson, Arizona. 
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Melting Point Apparatus 

Melting points were determined with a Mel-Temp apparatus, 

and corrected against standards. 

Preparation of Thianthrene Cation 
Radical Perchlorate 

To a solution of 0.50 ml of perchloric acid (70%) in 33 ml of 

acetic anhydride was added a solution of 1.0 g (4.6 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 product, 1.2 g (3.9 mmol, 84%), was dried 

under high vacuum for short periods before use. 

lodometric Assay of Cation Radical Puritv 

One liter of distilled water was boiled at least 5 minutes, and to 

it after cooling to room temperature, were added 20 g (0.13 mol) of 

sodium thiosulfate and 0.10 g of sodium carbonate. The solution was 

stored in a brown-colored bottle in the dark. Thereafter, potassium 

iodate solution for standardization of sodium thiosulfate was 

prepared. Potassium iodate (0.25 g, 1.1 mmol) was weighed into a 

100-ml volumetric flask and dissolved in water. After the iodate had 

dissolved, 2.0 g (0.012 mol) of potassium iodide and 10 ml of 1.0 N 
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hydrochloric acid were added, leading to a deep-brown colored 

solution. Ten ml of this solution was titrated immediately against 

sodium thiosulfate until a pale yellow color resulted. To this solution 

was added 1 ml of starch indicator solution, and titration was 

continued until the blue color disappeared. The concentration of 

sodium thiosulfate solution was calculated from the data. 

Determination of Cation Radical Purity 

A precise amount of cation radical perchlorate was dissolved in 

30 ml of CH2CI2 and 20 ml of 2.41 M potassium iodide solution was 

added. The liberated iodine was titrated with sodium thiosulfate 

solution as described above. The purity of the cation radical was 

97.5-100%. 

Preparation of Thianthrene 5-Oxide (ThO) 

A solution of 5.0 g (0.023 mol) of thianthrene in 150 ml of 

glacial acetic acid was placed in a 500-ml round-bottomed flask. The 

solution was heated on a water bath with stirring until the 

thianthrene dissolved. Thereafter, 100 ml of dilute nitric acid 

(HNO3/H2O = 1:1, v/v) was added dropwise to the warm solution. The 

first few drops produced a very short-lived violet color. The water 

bath was removed and the rest of the nitric acid solution was added 

dropwise during 20 minutes. With the addition of nitric acid, the 

color of the solution became pale yellow. After stirring for 1 hour, 

the solution was poured into 1500 ml of ice-water. A colorless 
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precipitation formed that was allowed to stand for 1.5 hours, and 

was filtered to give 4.6 g of ThO. The product was crystallized from 

ethanol to give 3.6 g (0.015 mol, 67%) with mp 140-141 ^C (lit.66 m p 

143.0-143.5 o c ) . 

IH NMR (CDCI3): 5 : 7.94 (d of d, J = 7.63, 1.39, 2H), 7.64 (d of d 

J = 7.50, 1.30, 2H), 7.57 (t of d, J = 7.55, 1.31, 2H), 7.44 (t of d, 

J = 7.46, 1.49, 2H). 

GC/MS: m/e (relative intensity): 232 (M+, 24.9), 203 (21.8), 184 

(100), 171 (16.2), 139 (16.9), 69 (32.2). 

Preparation of Tris(2.4-dibromophenynaminium 

Hexachloroantimonate 

Trisfp-bromophenyUamine 

Triphenylamine (9.0 g, 37 mmol) was dissolved in 30 ml of 

chloroform, cooled in ice water. A solution of 19 g (117 mmol) of 

bromine in 10 ml of chloroform was added dropwise with stirring to 

the triphenylamine solution. The temperature was kept below 10 ^C. 

After addition was completed, the reaction mixture was continuously 

stirred overnight at room temperature. To this reaction mixture was 

added 90 ml of methanol to precipitate the product. The light green-

colored crystals were collected by filtration, washed with cold 

methanol and dried under high vacuum. Crystallization from 

chloroform gave 13 g (26 mmol, 71%) with mp 145-146 ^ c (lit.67 mp 

144.5-146.5 oc ) . 

IH NMR (CDCI3): 6 : 7.34 (d, J = 7.8, 6H), 6.87(d, J = 7.8, 6H). 
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Tris r2 .4-d ibromophenynamine 

To a solution of 4.8 g (10 mmol) of tris(p-bromophenyl)amine 

in 20 ml of chloroform was added dropwise a solution of 4.8 g (30 

mmol) of bromine in 10 ml of chloroform at room temperature. The 

solution was then stirred overnight. Ethanol (100 ml) was added to 

the mixture to precipitate the product. The product thus formed was 

collected by filtration, and washed with cold ethanol. Crystallization 

from chloroform/ethanol (1:1, v/v) gave 2.5 g (3.4 mmol, 34%) with 

mp 220-221 oC (lit.67 mp 218-220 oC). 

IH NMR (CDCI3): 6 : 7.70 (d, J = 1.2, 3H), 7.31 (d of d, J = 9.6, 1.2, 

3H), 6.65 (d, J = 9.6, 3H) 

Tr is (2 .4-d ibromophenynaminium 
Hexachloroantimonate 

To a solution of 2.1 g (2.9 mmol) of tris(2,4-dibromophenyl) 

amine in 33 ml of methylene chloride was added dropwise a solution 

of 0.6 ml of antimony pentachloride in a 6 ml of methylene chloride 

at room temperature. A green color appeared immediately. The 

reaction mixture was allowed to stand at room temperature 

overnight. Cyclohexane (60 ml) was added to the reaction mixture. 

The green crystals thus formed were collected by filtration, washed 

with cyclohexane until the filtrate was colorless, and dried under 

high vacuum to give 2.7 g (2.6 mmol, 88%) with mp 139-140 oC. 
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Preparation of Semicarbazones 

Benzaldehyde Semicarbazone (17a) 

A solution of 5.6 g (0.050 mol) of semicarbazide hydrochloride 

and 14 g (0.10 mol) of sodium acetate trihydrate in 20 ml of water 

was added to a solution of 5.1 g (0.050 mol) of benzaldehyde in 70 

ml of ethanol. The reaction mixture was then boiled under reflux for 

3 hours. After cooling the solution to room temperature, the 

precipitated semicarbazone was filtered and dried under high 

vacuum to give 7.3 g (0.045 mol, 90%) of product. The product was 

crystallized from ethanol and had mp 219-220 oC (lit.68 mp 222 oC). 

IH NMR (DMS0-d6): 5 : 10.26 (s, IH), 7.83 (s, IH), 7.68 (m, 2H), 

7.29 (m, 3H), 6.48 (s, 2H). 

MS-DIP: m/e (relative intensity): 163 (M+, 29.6), 119 (54.1), 89 

(47.8), 77 (47.1), 65 (58.2), 60 (64.1), 44 (100). 

p-Methoxybenzaldehyde Semicarbazone (17b) 

17 b was prepared by the same method as described for the 

preparation of 17a, using 11 g (0.10 mol) of semicarbazide 

hydrochloride, 27 g (0.20 mol) of sodium acetate trihydrate and 

14 g (0.10 mol) of p-methoxybenzaldehyde. The yield of the 

semicarbazone was 15 g (0.079 mol, 79%). The semicarbazone was 

crystallized from ethanol and had mp 208-210 ^C (lit.69 mp 

209 OC). 

IH NMR (DMS0-d6): 5 : 10.12 (s, IH), 7.81 (s, IH), 7.66 (d, 

J = 8.4, 2H), 6.94 (d, J = 8.4, 2H), 6.39 (s, 2H), 3.85 (s, 3H). 
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MS/DIP: m/e (relative intensity): 193 (M+, 31.8), 149 (33.5), 

133 (100), 108 (21.8), 91 (17.4), 77 (24.5), 51 (22.8), 44 (73.4). 

Semicarbazones 17c-17f were prepared as illustrated with 

17c . 

p-Methylbenzaldehyde Semicarbazone (17c) 

To a mixture of 7.0 g (0.062 mol) of semicarbazide 

hydrochloride and 10 g (0.12 mol) of anhydrous sodium acetate in 25 

ml of water was added a solution of 7.5 g (0.062 mol) of p-methyl-

benzaldehyde in 140 ml of ethanol. The reaction mixture was stirred 

for 5 hours at room temperature. The precipitated product was 

filtered and dried under vacuum to give 10 g (0.056 mol, 91%). The 

semicarbazone was crystallized from ethanol and had mp 219-220 ^C 

(lit.70 mp 219-220 ^C). 

IH NMR (DMS0-d6): 6 : 10.19 (s, IH), 7.79 (s, IH), 7.60 (d, 

J = 8.0, 2H), 7.19 (d, J = 8.0, 2H), 6.47 (s, 2H), 2.31 (s, 3H). 

MS-DIP: m/e (relative intensity): 177 (M+, 31.5), 133 (62.8), 

117 (53.1), 91 (32.7), 77 (27.9), 61 (100), 44 (42.6). 

m-Nitrobenzaldehyde Semicarbazone (17d) 

Materials used were 11 g (0.10 mol) of semicarbazide 

hydrochloride, 16 g (0.20 mol) of anhydrous sodium acetate and 15 g 

(0.10 mol) of m-nitrobenzaldehyde. The yield of product was 20 g 

(0.096 mol, 96%). The semicarbazone was crystallized from methanol 

and had mp 240-243 oc (lit.71 mp 244 oC). 
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IH NMR (DMS0-d6): 5 : 10.52 (s, IH), 8.57 (s, IH), 8.18 (m, 2H), 

7.95 (s, IH), 7.67, (t, J = 7.98, IH), 6.70 (s, 2H). 

MS-DIP: m/e (relative intensity): 208 (M+, 18.5) , 164 (13.1), 

118 (57.1), 91 (17.7), 89 (44.4), 76 (13.6), 65 (42.4), 60 (100), 44 

(50.1). 

p-Chlorobenzaldehyde Semicarbazone (17e) 

Materials used were 5.6 g (0.050 mol) of semicarbazide 

hydrochloride, 8.2 g (0.10 mol) of anhydrous sodium acetate and 7.0 

g (0.050 mol) of p-chlorobenzaldehyde. The yield of semicarbazone 

was 8.2 g (0.042 mol, 84%). The semicarbazone was crystallized from 

pyridine and had mp 230-232 oc (lit.72 mp 230 oC) 

IH NMR (DMS0-d6): 5 : 10.36 (s, IH), 7.82 (s, IH), 7.77 (d, 

J = 8.4, 2H), 7.44 (d, J = 8.6, 2H), 6.58 (s, 2H). 

MS-DIP: m/e (relative intensity): 199 (M + 2, 16.6), 197 (M+, 

42), 153 (63.1), 139 (40.1), 137 (100), 119 (22.3), 89 (55.4), 63 

(46.5), 60 (44), 44 (93.6). 

p-(Dimethylamino)benzaldehyde Semicarbazone (17f) 

Materials used were 11 g (0.10 mol) of semicarbazide 

hydrochloride, 16 g (0.20 mol) of anhydrous sodium acetate and 

15 g (0.10 mol) of p-(dimethylamino)benzaldehyde. The yield of 

product was 18 g (0.085 mol, 85%). The semicarbazone was 

crystallized from methanol and had mp 224-225 oC (lit.^3 mp 

224 OC). 
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IH NMR (DMS0-d6): 5 : 9.97 (s, IH), 7.74 (s, IH), 7.52 (d, J = 8.4, 

2H), 6.73 (d, J = 8.4, 2H), 6.33 (s, 2H), 3.47 (s, 6H). 

MS-DIP: m/e (relative intensity): 206 (M+, 100), 162 (72.5), 

146 (99.5), 145 (82.5), 133 (80.3), 118 (51.7), 91 (32.7), 77 (31.1), 44 

(89). 

Preparation of Authentic 1.3.4-Oxadiazoles 

2-Amino-5-Phenyl-l .3.4-Oxadiazole (19a) 

To a stirred solution of 1.5 g (9.2 mmol) of benzaldehyde 

semicarbazone and 3.0 g (37 mmol) of anhydrous sodium acetate in 

12 ml of acetic acid was added dropwise a solution of 0.84 g 

(5.3 mmol) of bromine in 1 ml of acetic acid at room temperature. 

The solution was stirred for 30 minutes, and to it was added 100 ml 

of water. The precipitated product was collected by filtration and 

washed with water. The product was dried under vacuum and 

crystallized from ethanol after decolorizing in ethanol with charcoal 

to give 0.69 g (4.3 mmol, 47 %) of product and had mp 240-243 oc 

(lit.50 mp 241-243 oC). 

IH NMR (DMS0-d6): 5 : 7.80 (m, 2H), 7.53 (m, 3H), 7.29 (s, 2H). 

MS-DIP: m/e (relative intensity): 161 (M+, 100), 118 (67.5), 

105 (49.6), 91 (50.1), 77 (94.2), 62 (13.1), 51 (66.8), 44 (35.6). 
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2-Amino-5-(p-Mefhnxyphenyl)-1.3.4-Oxadiazole (19b) 

19 b was prepared by the same method as described for the 

preparation of 19a, using 1.0 g (5.1 mmol) of p-methoxybenz-

aldehyde semicarbazone, 3.0 g (0.037 mol) of anhydrous sodium 

acetate, and 0.50 g (3.1 mmol) of bromine. The product was 

crystallized from ethanol after decolorizing in ethanol with charcoal 

to give 0.30 g (1.6 mmol, 31%) of product and had mp 245-248 oc 

(lit.50 mp 248-249 o c ) . 

IH NMR (DMS0-d6): 5 : 7.74 (d, J = 8.84, 2H), 7.17 (s, 2H), 7.09 

(d, J = 8.92, 2H). 

MS-DIP: m/e (relative intensity): 191 (M+, 100), 148 (22.7), 

135 (83), 133 (64.5), 105 (30.6), 92 (26.9), 77 (38.0), 63 (30.3), 44 

(30.6). 

2-Amino-5-(p-Methylphenyl)-1.3.4-Oxadiazole (19c) 

To a suspension of 1.0 g (5.7 mmol) of p-methylbenzaldehyde 

semicarbazone in 10 ml of anhydrous acetic acid was added 2.7 g 

(6.1 mmol) of lead tetraacetate in 5 ml of anhydrous acetic acid at 

room temperature. After being stirred for 15 minutes, the reaction 

mixture was poured into 100 ml of ice cold water. The precipitated 

product was collected by filtration and washed with ice cold water. 

The product was dried under vacuum and crystallized from ethanol 

after decolorizing in ethanol with charcoal to give 0.6 g (3.4 mmol, 

61%) of product and had mp 277-278 oc (lit.51 mp 265-267 o c ) . 
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IH NMR (DMS0-d6): 6 : 7.69 (d, J = 8.12, 2H), 7.34 (d, J = 8.1, 

2H), 7.23 (s, 2H), 2.36 (s, 3H). 

MS-DIP: m/e (relative intensity): 175 (M+, 100), 132 (53.8), 

131 (37.7), 120 (12.8), 119 (70.0), 91 (75.5), 77 (26.8), 65 (50.3). 

2-Amino-5-(m-Nitrophenyl)-1.3.4-Oxadiazole (19d) 

To a solution of 2.0 g (9.6 mmol) of m-nitrobenzaldehyde 

semicarbazone and 5.6 g (68 mmol) of anhydrous sodium acetate in 

23 ml of acetic acid was added dropwise a solution of 0.85 g 

(5.3 mmol) bromine in 2 ml of a acetic acid. The reaction mixture was 

then boiled under reflux for 15 minutes. After cooling, 200 ml of 

water was added to the reaction mixture. The precipitated product 

was collected by filtration and dried under vacuum. The product was 

crystallized from ethanol to give 0.37 g (1.8 mmol, 19%) of product 

and had mp 257-260 oc (lit.49 mp 260-261 oC). 

IH NMR (DMS0-d6): 5 : 8.49 (m, IH), 8.35 (m, IH), 8.22 (m, IH), 

7.84 (t, J = 8.04, IH), 7.49 (s, 2H). 

MS-DIP: m/e (relative intensity): 206 (M+, 84.8), 163 (100), 

150 (16.2), 104 (33.7), 89 (27.5), 76 (67.7). 

2-Amino-5-(p-Chlorophenyl)-1.3-4-Oxadiazole (19e) 

19e was prepared by the same method as described for the 

preparation of 19a, using 0.5 g (2.5 mmol) of p-chlorobenzaldehyde 

semicarbazone, 0.85 g (10 mmol) of anhydrous sodium acetate and 
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0.25 g (1.6 mmol) of bromine. The product was crystallized from 

ethanol after decolorizing in ethanol with charcoal to give 0.20 g 

(1.0 mmol, 40%) of product and had mp 272-273 oc (lit.49 mp 

274 OC). 

IH NMR (DMS0-d6): 5 : 7.80 (d, J = 8.52, 2H), 7.60 (d, J = 8.7, 

2H), 7.34 (s, 2H). 

MS-DIP: m/e (relative intensity): 197 (M -i- 2, 30.6), 195 (M+, 

100), 154 (28.2), 152 (80.3), 139 (56.2), 125 (42.5), 111 (59.1), 90 

(23.2), 89 (36.7), 75 (70.9), 50 (44.3), 44 (57.9). 

2-Amino-5-(p-Dimethylaminophenyl) -
1.3.4-Oxadiazole (19f) 

19f was prepared by the same method as described for the 

preparation of 19c, using 1.0 g (5.0 mmol) of p-(dimethylamino)-

benzaldehyde semicarbazone and 2.3 g (5.2 mmol) of lead 

tetraacetate. The product was crystallized from ethanol after 

decolorizing in ethanol with charcoal to give 0.10 g (0.49 mmol, 9.8%) 

of product and had mp 291-293 oc (lit.74 258 oC). 

IH NMR (DMS0-d6): 5 : 7.60 (d, J = 8.68, 2H), 7.02 (s, 2H), 6.80 

(d, J = 8.78, 2H), 2.98 (s, 6H). 

MS-DIP: m/e (relative intensity): 204 (M+, 100), 160 (33.2), 

148 (82.7), 145 (21.4), 132 (24.5), 77 (18.9), 44 (25.6), 42 (30). 

Anal. Calcd. for C10H12N4O: C, 58.8; H, 5.88; N, 27.5 

Found: C, 58.8; H, 5.90; N, 27.6 
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Preparation of Authentic 1.2.4-Triazolinones 

3-Phenyl-1.2.4-Triazolin-5-One (20a) 

A solution of 1.0 g (6.1 mmol) of benzaldehyde semicarbazone 

and 1.0 g (6.2 mmol) of ferric chloride in 20 ml of ethanol was sealed 

in a tube after freeze-thaw degassing. The reaction mixture was then 

heated for 2.5 hours at 145 oc. After cooling, the tube was opened 

and 200 ml of water was added to the reaction mixture. The 

precipitated product was collected by filtration. The product 

triazolinone was freed from contamination with unreacted 

benzaldehyde semicarbazone by dissolving in 30% sodium hydroxide 

solution and acidifying the alkaline filtrate. The crude triazolinone 

was crystallized from ethanol after decolorizing in ethanol with 

charcoal to give 0.20 g (1.2 mmol, 20%) of product and had mp 

320-322 oc (lit.52 mp 321-322 oC). 

IH NMR (DMS0-d6): 6 : 11.74 (s, IH), 7.79 (m, 2H), 7.49 (m, 3H). 

MS-DIP: m/e (relative intensity): 161 (M+, 100), 118 (86.2), 

104 (22.7), 91 (66.3), 76 (21.6), 51 (49.9), 50 (33.1). 

3-(p-Methoxyphenyl)-1.2.4-Triazolin-5-One (20b) 

20b was prepared and treated by the same method as 

described for the preparation of 20a, using 1.0 g (5.2 mmol) of 

p-methoxybenzaldehyde semicarbazone and 1.3 g (8.0 mmol) of 

ferric chloride. Obtained was 0.20 g (1.1 mmol, 21%) of 20b and had 

mp 354-356 oc (lit.75 mp 334 oC). 

IH NMR (DMS0-d6): 5 : 11.92 (s, IH), 11.55 (s, IH), 7.72 (d. 
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J = 8.8, 2H), 7.04 (d, J = 8.8, 2H), 3.80 (s, 3H). 

MS-DIP: m/e (relative intensity): 191 (M+, 100), 176 (16), 148 

(21.6), 133 (55.7), 105 (13.6), 91 (10.7), 63 (11.6), 51 (11.5). 

3-(p-Methvlpheny1)-1.2.4-tria7nlin-5-One (2nc) 

To a stirred solution of 1.5 g (8.5 mmol) of p-methylbenz

aldehyde semicarbazone in 10 ml of anhydrous acetic acid was added 

dropwise 0.84 g (5.2 mmol) of bromine at room temperature. The 

reaction mixture was then boiled under reflux for 40 minutes and 

cooled. The precipitate was collected by filtration, washed with water 

and crystallized from ethanol to give 0.39 g (2.2 mmol, 26%) of 

triazolinone and had mp 375-377 oc (^.76 mp 371-372 oC). 

IH NMR (DMS0-d6): 5 : 11.96 (s, IH), 11.61 (s, IH), 7.67 (d, 

J = 8.2, 2H), 7.28 (d, J = 8.2, 2H), 2.33 (s, 3H). 

MS-DIP: m/e (relative intensity): 175 (M+, 100), 132 (51.8), 

131 (28.0), 118 (13.0), 91 (37.1), 77 (10.7), 51 (10.5), 39 (14.8). 

3-(m-Nitrophenyl)-1.2.4-Triazolin-5-One (20d) 

20d was prepared by the same method as described for the 

preparation of 20c, using 1.0 g (4.9 mmol) of m-nitrobenzalde

hyde semicarbazone and 0.84 g (5.2 mmol) of bromine. The crude 

product was crystallized from ethanol to give 0.13 g (0.65 mmol, 

13%) of triazolinone and had mp 300-303 oc (lit.52 mp 304 oc) . 

IH NMR (DMSO-d6): 5 : 12.34 (s, IH), 11.94 (s, IH), 8.62 (m, IH), 

8.30 (m, IH), 8.21 (m, IH), 7.80 (t, J = 8.04, IH). 
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MS-DIP: m/e (relative intensity): 206 (M+, 100), 163 (18.7), 

118 (17.7), 90 (23.7), 76 (12.4), 63 (12.4), 50 (11.8). 

3-(p-Chlorophenyl)-l .2.4-Triazolin-5-One (20e) 

20e was prepared by the same method as described for the 

preparation of 20c, using 0.50 g (2.5 mmol) of p-chlorobenzalde

hyde semicarbazone and 0.50 g (3.1 mmol) of bromine. The product 

was recrystallized from acetic acid after decolorizing in acetic acid 

with charcoal to give 0.14 g (0.73 mmol, 29%) of product with mp 

398-400 oc (lit.'75 mp 402-404 oC). 

IH NMR (DMS0-d6): 5 : 12.12 (s, IH), 11.78 (s, IH), 7.80 (d, 

J = 8.6, 2H), 7.57 (d, J = 8.6, 2H). 

MS-DIP: m/e (relative intensity): 197 (M + 2, 34.5), 195 (M+, 

100), 154 (16.4), 152 (46.7), 125 (28.5), 102 (12.0), 90 (11.3), 75 

(25.0), 50 (16.2). 

Preparation of N-t-Butylacetamide (37a) 

To an ice-cooled, stirred solution of 4.1 g (0.10 mol) of 

acetonitrile and 7.4 g (0.10 mol) of t-butanol in 50 ml of acetic acid 

was added dropwise 10 g (0.10 mol) of sulfuric acid during 5 hours 

so as to keep the temperature below 40 oC. The mixture was poured 

into 200 ml of water, neutralized with potassium carbonate, and 

extracted with 3 x 150 ml of ether. The ether solution was dried over 

M g S 0 4 and evaporated in a rotary evaporatory. The product was 
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crystallized from hexane to give 4.8 g (0.042 mol, 42%) of 37a and 

had mp 94-96 oc (lit.77 mp 97-98 oc) . 

IH NMR (CDCI3): 8 : 5.36 (br. s, IH), 1.92 (S, 3H), 1.35 (s, 9H). 

GC-MS: m/e (relative intensity): 115 (M+, 100), 100 (98.7), 84 

(13.8), 72 (33.2), 60 (99.5), 58 (100), 57 (100), 41 (100). 

Preparation of N-t-Butylpropionamide (37b) 

37b was prepared by the same method as described for the 

preparation of N-t-butylacetamide, using 5.5 g (0.10 mol) of 

propionitrile, 7.4 g (0.10 mol) of t-butanol and 10 g (0.10 mol) of 

sulfuric acid. The product was crystallized from hexane to give 5.7 g 

(0.044 mol, 44%) of 37b and had mp 86-87 oc (lit.78 mp 88-89 oC). 

IH NMR (CDCI3): 5 : 5.29 (br. s, IH), 2.13 (q, 2H), 1.35 (s, 9H), 

1.12 (t, 3H). 

GC-MS: m/e (relative intensity): 129 (M+, 11.8), 74 (24.9), 58 

(100), 57 (46.9), 41 (23.8), 40 (49.7). 

Preparation of N-t-Butylacrylamide (37c) 

To an ice-cooled solution of 5.3 g (0.10 mol) of acrylonitrile and 

7.4 g (0.10 mol) of t-butanol in 50 ml of acetic acid was added 

dropwise 10 g (0.10 mol) of sulfuric acid during 1 hour so as to keep 

the temperature below 40 oc. The mixture was poured into 200 ml of 

ice water and the product was crystallized from benzene to give 6.8 g 

(0.054 mol, 54%) of 37c and had mp 126-128 oC (lit.79 mp 126-

128 OC). 
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IH NMR (CDCI3): 5 : 6.24 (d of d, J = 16.83, 1.89, IH), 6.03 

(d of d, J = 16.86, 9.88, IH), 5.57 (d of d, J = 9.90, 1.84, IH), 5.54 (br. 

s, IH), 1.40 (s, 9H). 

GC-MS: m/e (relative intensity): 127 (M+, 31), 112 (46.7), 84 

(22.3), 72 (81.6), 58 (100), 55 (98.7), 49 (27.9), 41 (62.6). 

Prepararion of 2-Acetamido-4-t-Butylphenol (38) 

A solution of 0.10 g (0.61 mmol) of 2-amino-4-t-butylphenol in 

2 ml of acetic acid containing 0.54 g (5.3 mmol) of acetic anhydride 

was boiled under reflux for 30 minutes. After being cooled, the 

solution was poured into ice-water. The precipitate was collected by 

filtration, washed with water and dried under high vacuum to give 

0.095 g (0.46 mmol, 75%) of 38 and had mp 167-168 oc (lit.80 mp 

170 OC). 

IH NMR (CDCI3/CD3CN, v/v, 5 : 1): 5 : 8.91 (s, IH), 8.32(br. s, IH), 

7.13 (d of d, J = 8.3, 2.33, IH), 7.09 (d, J = 2.02, IH), 6.90 (d, J = 8.28, 

IH), 2.23 (s, 3H), 1.28 (s, 9H). 

GC-MS: m/e (relative intensity): 207 (M+, 24.5), 174 (32.8), 165 

(62.3), 150 (100), 133 (15.7), 105 (13.9), 77 (14.7), 43 (46.3). 

Preparation of 4-Acetamido-2-t-Butylphenol (39) 

Sulfanilic acid (0.87 g, 5.0 mmol) was dissolved in a hot 

solution of 0.27 g (2.5 mmol) of sodium carbonate in 5 ml of water. 

To this solution, after being cooled, was added a solution of 0.38 g 

(5.0 mmol) of sodium nitrite in 1 ml of water. The resulting solution 
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was poured into a mixture of 1.3 g (13 mmol) of concentrated 

hydrochloric acid and 6 g of finely crushed ice. The resulting 

suspension of the diazonium salt was poured into a solution of 0.75 g 

(5.0 mmol) of 2-t-butylphenol and 1.1 g (28 mmol) of sodium 

hydroxide in 6 ml of water to which 4 g finely crushed ice has been 

added. The resulting dark red solution was stirred for 30 minutes at 

5 oc, warmed to 75 oC and to it was added 2.8 g (16 mmol) sodium 

hydrosulfite in small amounts. The temperature rose to 80 oc and the 

red solution changed to pale yellow. A dark-green oil settled and 

solidified when cooled to 10 oc. The solid was filtered and washed 

with dilute sodium hydrosulfite solution. This solid was dissolved in 

3 ml of acetic acid containing 0.60 g (5.8 mmol) of acetic anhydride. 

The solution was stirred for 1 hour on the steambath and poured into 

20 ml of water. The precipitated solid was filtered, dried under 

vacuum and crystallized from methanol-water mixture to give 0.52 g 

(2.5 mmol, 50%) of product and had mp 146-147 oc (lit.81 mp 168-

169 OC). 

IH NMR (CDCI3/CD3CN, v/v, 5 :1): 5 : 7.71 (br. s, IH), 7.29 (d of d, 

J = 8.46, 2.6, IH), 7.21 (d, J = 2.52, IH), 6.66 (d, J = 8.42, IH), 6.39 (s, 

IH), 2.09 (s, 3H), 1.36 (s, 9H). 

GC-MS: m/e (relative intensity): 207 (M+, 51.2), 192 (31.4), 165 

(36), 150 (62.4), 149 (31.4), 148 (36.7), 122 (22.2), 120 (12.6), 91 

(12.5), 77 (15.5), 53 (11.2), 43 (100), 41 (15.8). 

Anal. Calcd. for C12H17O2N: C, 69.57; H, 8.21; N, 6.76 

Found: C, 69.32; H, 8.49; N, 6.66 
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Prepararion of 2.5-Di-t-Butyl-p-Benzoquinone (40) 

A solution of 5.6 g (0.025 mol) of 2,5-di-t-butylhydroquinone 

was dissolved in 30 ml of methanol. To this solution was added 

dropwise at room temperature a solution of 12 g (0.040 mol) of 

sodium dichromate dihydrate and 4.6 g (0.045 mol) of sulfuric acid 

in 2 ml of water. The resulting dark-green solution was stirred for 1 

hour. Thereafter, 150 ml of water was added and the precipitated 

solid was filtered. Crystallization from hexane gave 3.0 g (0.014 

mmol, 54%) and had mp 152-153 oc (lit.82 mp 152.5 oC). 

IH NMR (CDCI3): 6 : 6.48 (s, 2H), 1.27 (s, 18H). 

GC-MS: m/e (relative intensity): 220 (M+, 37.6), 205 (37.7), 177 

(32.6), 163 (38.1), 135 (23.1), 91 (26.9), 77 (21.0), 67 (32.9), 41 

(100). 

Reactions of Semicarbazones with 
Thianthrene Cation Radical 

General Procedure 

The semicarbazone and Th"*"-C104" were placed in a septum-

capped flask. The flask was evacuated under high vacuum and filled 

with argon. Thereafter, 20 ml of nitrile solvent was added by 

syringe. The mixture was stirred at room temperature for 5 days 

except for that in run 7 (Table 1), which was stirred for 1 day. The 

reaction mixture was diluted with 5 ml of water, neutralized with 

aqueous sodium bicarbonate solution and extracted with 3 x 50 ml of 

methylene chloride. The methylene chloride solution was dried over 
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anhydrous magnesium sulfate. After filtration, the solvent was 

evaporated in a rotary evaporatory to give a solid residue containing 

unused semicarbazone, oxadiazole, triazolinone, thianthrene (Th), and 

thianthrene 5-oxide (ThO). The residue was dissolved in 20 ml of a 

mixture of methylene chloride and ethanol (v/v, 1:1) for assay of Th 

and ThO by GC with column A. Authentic samples were used as 

controls. Thereafter, except for runs 5 and 7 (Table 1), the products 

such as oxadiazole, triazolinone (in some cases, such as runs 1, 2 and 

6) and unused semicarbazone were separated by preparative TLC 

using ethyl acetate as the developing solvent, removed from the 

plate and extracted with methylene chloride and ethanol for assay. 

The separated products were identified by MS-DIP, iH NMR, melting 

point, and comparison with authentic samples. 

Each reaction was carried out twice. A summary of products 

and yields is given in Table 1, while details of particular reactions 

are given below. 

Benzaldehyde Semicarbazone (17a) 
in Acetonitrile 

The reaction was carried out with 65 mg (0.40 mmol) of 17 a 

and 0.25 g (0.80 mmol) of Th+-C104-. The products (run 1, Table 1) 

were: Th (0.16 g, 0.75 mmol), ThO (12 mg, 0.050 mmol), 2-amino-5-

phenyl-l,3,4-oxadiazole (19a, 41 mg, 0.26 mmol), 3-phenyl-l,2,4-

triazolin-5-one (20a, 10 mg, 0.064 mmol), and 17a (9.1 mg, 0.056 

mmol). 
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Benzaldehyde Semicarbazone (17a) 
in Acrylonitrile 

The reaction was carried out with 65 mg (0.40 mmol) of 17a 

and 0.25 g (0.80 mmol) of Th+C104-. The products (run 2, Table 1) 

were: Th (0.17 g, 0.78 mmol), 2-amino-5-phenyl-l,3,4-oxadiazole 

(19a, 39 mg, 0.24 mmol), 3-phenyl-l,2,4-triazolin-5-one (20a, 10 

mg, 0.064 mmol), and 17a (16 mg, 0.095 mmol). 

p-Methoxvbenzaldehvde Semicarbazone (17b) 
in Acetonitrile 

The reaction was carried out with 77 mg (0.40 mmol) of 17b 

and 0.25 g (0.80 mmol) of Th+-C104-. The products (run 3, Table 1) 

were: Th (0.15 g, 0.71 mmol), ThO (9.8 mg, 0.042 mmol), 2-amino-5-

(p-methoxyphenyl)-l,3,4-oxadiazole (19b, 36 mg, 0.19 mmol), and 

17b (8.5 mg, 0.044 mmol). 

p-Methvlbenzaldehvde Semicarbazone (17c) 
in Acetonitrile 

The reaction was carried out with 71 mg (0.40 mmol) of 17c 

and 0.25 g (0.80 mmol) of Th+C104". The products (run 4, Table 1) 

were: Th (0.14 g, 0.65 mmol), ThO (30 mg, 0.13 mmol), 2-amino-5-

(p-methylphenyl)-l,3,4-oxadiazole (19c, 29 mg, 0.17 mmol), and 

17c (2.8 mg, 0.016 mmol). 

m-Nitrobenzaldehyde Semicarbazone (17d) 
in Acetonitrile 

The reaction was carried out with 83 mg (0.40 mmol) of 17d 

and 0.25 g (0.80 mmol) of Th+-C104". Separation of the products by 
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preparative TLC was hindered by decomposition of 2-amino-5-(m-

nitrophenyl)-l,3,4-oxadiazole (19d) on the TLC plate. Therefore the 

solution remaining after GC analysis of Th and ThO was evaporated 

and the residue was treated with 6N hydrochloric acid to remove 

19d, which was recovered by neutralizing the acidic filtrate with 

sodium hydroxide. The acid-washed residue which included Th, ThO 

and unreacted 17d was dissolved in 20 ml of methylene chloride, 

and insoluble 17d was separated by filtration. The products (run 5, 

Table 1) were: Th (0.15 g, 0.70 mmol). ThO (18 mg, 0.076 mmol), 

19d (26 mg, 0.12 mmol), and 17d (18 mg, 0.084 mmol). 

p-Chlorobenzaldehyde Semicarbazone (17e) 
in Acetonitrile 

The reaction was carried out with 79 mg (0.40 mmol) of 17e 

and 0.25 g (0.80 mmol) of Th+C104-. The products (run 6, Table 1) 

were: Th (0.16 g, 0.73 mmol) ThO (16 mg, 0.069 mmol), 2-amino-5-

(p-chlorophenyl)-l,3,4-oxadiazole (19e, 30 mg, 0.15 mmol) and trace 

amounts of 3-(p-chlorophenyl)-l,2,4-triazolin-5-one (20e). 

p-(Dimethylamino)benzaldehyde Semicarbazone (17f) 
in Acetonitrile 

The reaction was carried out with 82 mg (0.40 mmol) of 17f 

and 0.25 g (0.80 mmol) of Th+-C104-. The color of cation radical 

disappeared immediately. The solution was diluted with 5 ml of 

water, neutralized with sodium bicarbonate solution and extracted 

with 50 ml of methylene chloride. Some suspended solid did not 
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dissolve. The insoluable solid was filtered, dried and identified by 

MS-DIP, melting point, and iR NMR as the oxadiazole 19f. The 

separated methylene chloride solution was dried over anhydrous 

magnesium sulfate, and worked up to give a solid residue. This was 

dissolved in methylene chloride and quantitatively analyzed by GC. 

The products (run 7, Table 1) were: Th (0.16 g, 0.75 mmol) and 2-

amino-5-(p-dimethylaminophenyl)-l,3,4-oxadiazole (19f, 73 mg, 

0.36 mmol). 

Reactions of Semicarbazones with 
Thianthrene Cation Radical in the Presence of 

2.6-Di-t-butyl-4-methylpvridine (DTBMP) 

General Procedure 

The semicarbazone, Th+C104" and DTBMP were placed in a 

septum-capped flask. The flask was evacuated, filled with argon, and 

20 ml of nitrile solvent was added by syringe. The reaction mixture 

was then stirred at room temperature for 1 day, by which time the 

cation radical color had disappeared. The solution was diluted with 

5 ml of water, neutralized with aqueous sodium bicarbonate solution, 

and extracted with 3 x 50 ml of methylene chloride. The methylene 

chloride solution was dried over anhydrous mgnesium sulfate, and 

worked up to give a solid residue containing unused semicarbazone, 

oxadiazole, triazolinone (only in run 2, Table 2), DTBMP, thianthrene 

(Th), and thianthrene 5-oxide (ThO). The solid was dissolved in a 

mixture of methylene chloride and ethanol for assay of Th (except in 

runs 1-3, 5), ThO and DTBMP by GC with column A. Authentic 
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samples were used as controls. Thereafter, the products such as 

oxadiazole, triazolinone, unused semicarbazone and sulfilimine (41) 

(in some cases) were separated by preparative TLC, using ethyl 

acetate as the developing solvent, removed from the plate and 

extracted with methylene chloride and ethanol for assay. The 

separated products were identified by MS-DIP, iR NMR, melting 

point and comparison with authentic materials. Sulfilimines (41) 

were identified by MS-DIP and elemental analysis. 

Each reaction was carried out twice. A summary of products 

and yields is given in Table 2. 

Benzaldehyde Semicarbazone (17a) 
in Acetonitrile 

The reaction was carried out with 65 mg (0.40 mmol) of 17a, 

0.38 g (1.2 mmol) of Th+C104- and 0.17 g (0.80 mmol) of DTBMP. 

After workup all products were separated by preparative TLC 

because the sulfilimine was decomposed to thianthrene and benzoyl 

cyanide during GC analysis. Thereafter, Th and ThO were 

quantitarively analized by GC. The sulfilimine (41a) obtained from 

two runs was combined and crystallized from ethanol and had mp 

213 oc . 

MS-DIP: m/e (relative intensity): 375 (M+, 7.86), 216 (100), 

184 (60.4), 171 (13.8), 139 (10.7), 105 (39.6), 77 (36.2), 69 (14.6), 51 

(21.5), 50(16.3). 

Anal. Calcd. for C20H13N3OS2: C, 64.0; R, 3.46; N, 11.2; S, 17.1 

Found: C, 63.9; H, 3.33; N, 11.1; S, 17.3 
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The products (run 1, Table 2) were: Th (0.24 g, 1.1 mmol), ThO 

(21 mg, 0.092 mmol), 2-amino-5-phenyl-l,3,4-oxadiazole (19a, 43 

mg, 0.26 mmol), 17a (14 mg, 0.084 mmol) and 41a (9.0 mg, 0.024 

mmol). 

Benzaldehyde Semicarbazone (17a) 
in Acrylonitrile 

The reaction was carried out with 65 mg (0.40 mmol) of 17a, 

0.38 g (1.2 mmol) of Th+-C104- and 0.17 g (0.80 mmol) of DTBMP. The 

products were separated as described for the reaction of 17a in 

acetonitrile, and were (run 2, Table 2): Th (0.20 g, 0.94 mmol), ThO 

(53 mg, 0.23 mmol), 2-amino-5-phenyl-l,3,4-oxadiazole (19a, 23 

mg, 0.14 mmol), 3-phenyl-l,2,4-triazolin-5-one (20a, 1.3 mg, 0.010 

mmol), 17a (16 mg, 0.10 mmol), 41a (30 mg, 0.080 mmol) and 

DTBMP (0.11 g, 0.53 mmol). 

p-Methoxybenzaldehyde Semicarbazone (17b) 
in Acetonitrile 

The reaction was carried out with 77 mg (0.40 mmol) of 17b, 

0.38 g (1.2 mmol) of Th +CIO4- and 0.17 g (0.80 mmol) of DTBMP. 

The products were separated as described for the reaction of 17a in 

acetonitrile, and were (run 3, Table 2): Th (0.25 g, 1.2 mmol), ThO (11 

mg, 0.046 mmol), 2-amino-5-(p-methoxyphenyl)-l,3,4-oxadiazole 

(19b, 51 mg, 0.27 mmol), sulfilimine (41b, 8.1 mg, 0.020 mmol) and 

DTBMP (0.14 g, 0.70 mmol). 

41b was crystallized from an ethanol/methylene chloride 

mixture and had mp 195-196 o c . 
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MS-DIP: m/e (relative intensity): 405 (M+, 2.75), 216 (100), 

184 (47.5), 171 (14.7), 135 (69), 133 (10.4), 107 (10.7), 77(16.5). 

Anal. Cald. for C21H15N3O2S2: C, 62.2; H, 3.70; N, 10.4; S, 15.8 

Found: C, 61.9; H, 3.54; N, 10.2; S, 16.1 

p-Methylbenzaldehyde Semicarbazone (17c) 
in Acetonitrile 

The reaction was carried out with 71 mg (0.40 mmol) of 17c 

0.38 g (1.2 mmol) of Th+-Cl04- and 0.17 g (0.80 mmol) of DTBMP. The 

products (run 4, Table 2) were: Th (0.25 g, 1.1 mmol), ThO (9.7 mg, 

0.042 mmol), 2-amino-5-(p-methylphenyl)-l,3,4-oxadiazole (19c, 

60 mg, 0.34 mmol), 17c (2.8 mg, 0.016 mmol) and DTBMP (0.14 g, 

0.68 mmol). 

m-Nitrobenzaldehvde Semicarbazone (17d) 
in Acetonitrile 

The reaction was carried out with 83 mg (0.40 mmol) of 17d, 

0.38 g (1.2 mmol) of Th+-C104- and 0.17 g (0.80 mmol) of DTBMP. The 

products were separated as described for the reaction of 17d with 

Th+-C104- in acetonitrile, and were (run 5, Table 2) : Th (0.21 g, 0.95 

mmol), ThO (39 mg, 0.17 mmol), 2-amino-5-(m-nitrophenyl)-1,3,4-

oxadiazole (19d, 9.9 mg, 0.048 mmol) and 17d (22 mg, 0.10 mmol). 

p-Chlorobenzaldehyde Semicarhaynne (17e) 
in Acetonitrile 

The reaction was carried out with 79 mg (0.40 mmol) of 17e, 

0.38 g (1.2 mmol) of Th+C104- and 0.17 g (0.80 mmol) of DTBMP. The 
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products (run 6, Table 2) were: Th (0.22 g, 1.0 mmol), ThO (27 mg, 

0.12 mmol), 2-amino-5-(p-chlorophenyl)-l,3,4-oxadiazole (19e, 28 

mg, 0.14 mmol) and DTBMP (0.10 g, 0.51 mmol). 

Reactions of Semicarbazones with 
Tris(2.4-dibromophenyl)aminium 

Hexachloroantimonate in Acetonitrile 

General Procedure 

The semicarbazone and TDBPA+-SbCl6' were placed in a 

septum-capped flask. The flask was evacuated, filled with argon, and 

20 ml of acetonitrile was added by syringe. The reaction mixture was 

then stirred at room temperature overnight, by which time the 

cation radical color had disappeared. To the reaction mixture was 

added 5 ml of water and the precipitated TDBPA was collected by 

filtration and dried. Thereafter the filtrate was neutralized with 

aqueous sodium bicarbonate solution. This caused a precipitation of 

(presumed) antimony oxides, which were removed by filtration, and 

washed with methylene chloride. The filtrate was extracted with 4 x 

50 ml of methylene chloride. The methylene chloride solution was 

dried over anhydrous magnesium sulfate. After filtration, the solvent 

was evaporated in a rotary evaporator to give a solid residue. This 

residue was treated with 5 ml of methylene chloride to remove 

remaining small amounts (as shown by TLC) of TDBPA and aryl 

aldehyde corresponding with the semicarbazones. This solution was 

discarded. The residue was then treated with 6N hydrochloric acid to 

remove oxadiazole. The acid-insoluble material which was discarded 
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consisted of a small amount of triazolinone (as shown by TLC) (runs 2 

and 5), and unused semicarbazone. The oxadiazole was recovered by 

neutralizing the acid solution. In each case the oxadiazole had 

melting point, iR NMR and MS-DIP corresponding with the authentic 

compound. 

Each reaction was carried out twice. A summary of products 

and yields is given in Table 3. 

Benzaldehyde Semicarbazone (17a) 

The reaction was carried out with 65 mg (0.40 mmol) of 17a 

and 0.84 g (0.80 mmol) of TDBPA+SbCle". The products (run 1, 

Table 3) were: TDBPA (0.37 g, 0.51 mmol) and 2-amino-5-phenyl-

1,3,4-oxadiazole (19a, 61 mg, 0.38 mmol). 

p-Methoxybenzaldehyde Semicarbazone (17b) 

The reaction was carried out with 77 mg (0.40 mmol) of 17b 

and 0.84 g (0.80 mmol) of TDBPA+SbCl6-. The products (run 2, 

Table 3) were: TDBPA (0.41 g, 0.57 mmol) and 2-amino-5-

(p-methoxyphenyl)-l,3,4-oxadiazole (19b, 58 mg, 0.30 mmol). 

p-Methylbenzaldehyde Semicarbazone (17c) 

The reaction was carried out with 71 mg (0.40 mmol) of 17c 

and 0.84 g (0.80 mmol) of TDBPA+SbCl6". The products (run 3, 

Table 3) were: TDBPA (0.50 g, 0.7 mmol) and 2-amino-5-(p-methyl-

phenyl)-l,3,4-oxadiazole (19c, 45 mg, 0.26 mmol). 
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m-Nitrohenzaldehyde Semicarbazone (17<|) 

The reaction was carried out with 83 mg (0.4 mmol) of 17d 

and 0.84 g (0.80 mmol) of TDBPA+-SbCl6-. The products (run 4, 

Table 3) were: TDBPA (0.48 g, 0.67 mmol), 2-amino-5-(m-nitro-

phenyl)-l,3,4-oxadiazole (19d, 40 mg, 0.19 mmol) and 17d (6.7 mg, 

0.032 mmol). 

p-Chlorobenzaldehyde Semicarbazone (17e) 

The reaction was carried out with 79 mg (0.40 mmol) of 17e 

and 0.84 g (0.80 mmol) of TDBPA+-SbCl6-. The products (run 5, 

Table 3) were: TDBPA (0.49 g, 0.68 mmol) and 2-amino-5-(p-chloro-

phenyl)-l,3,4-oxadiazole (19e, 62 mg, 0.32 mmol). 

Reactions of Oxadiazoles with Thianthrene 
Cation Radical in Acetonitrile 

General Procedure 

The oxadiazole and Th '^Cl04" were placed in a septum-capped 

flask. The flask was evacuated, filled with argon, and 20 ml of 

acetonitrile was added by syringe. The reaction mixture was stirred 

for 2 days at room temperature, after which time the cation radical 

color persisted. The solution was diluted with 5 ml of water, 

neutralized with aqueous sodium bicarbonate solution, and extracted 

with 3 x 50 ml of methylene chloride. The methylene chloride 

solution was dried over anhydrous magnesium sulfate and worked 

up to give a solid residue containing unused oxadiazole, sulfilimine, 

Th and ThO. These compounds were assayed after separation by 
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preparative TLC. Ethyl acetate was used as developing solvent. The 

separated products were removed from the plate with ethanol and 

methylene chloride, and were identified by MS-DIP, melting point 

and comparison with authentic materials. 

Each reaction was carried out twice. A summary is given in 

Table 4. 

2-Amino-5-Phenvl-l .3.4-Oxadiazole (19a) 

The reaction was carried out with 64 mg (0.40 mmol) of 19a 

and 0.25 g (0.80 mmol) of Th+-C104-. The products (run 1, Table 4) 

were: Th (99 mg, 0.46 mmol), ThO (49 mg, 0.21 mmol), sulfilimine 

(41a, 41 mg, 0.11 mmol) and 19a (41 mg, 0.25 mmol). 

2-Amino-5-(p-Methoxyphenyl)-l.3.4-Oxadiazole (19b) 

The reaction was carried out with 76 mg (0.40 mmol) of 19b 

and 0.25 g (0.80 mmol) of Th+-C104-. The products (run 3, Table 4) 

were: Th (97 mg, 0.45 mmol), ThO (40 mg, 0.17 mmol), sulfilimine 

(41b, 24 mg, 0.059 mmol) and 19b (46 mg, 0.24 mmol). 

Reactions of Oxadiazoles with 
Thianthrene Cation Radical in the Presence of 

2.6-Di-t-hutvl-4-methylDyridine (DTBMP) 

General Procedure 

The oxadiazole, Th+Cl04" and DTBMP were placed in a septum-

capped flask in the usual way with 20 ml of acetonitrile. The reaction 

mixture was stirred at room temperature overnight, by which time 
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the cation radical color had disappeared. Workup followed as 

described for the reaction of oxadiazoles with Th+-Cl04-. 

Each reaction was carried out twice. A summary of results is 

given in Table 4. 

2-Amino-5-Phenyl-l.3.4-Oxadiazole (19a) 

The reaction was carried out with 64 mg (0.40 mmol) of 19a, 

0.25 g (0.80 mmol) of Th+-Cl04- and 0.17 g (0.80 mmol) of DTBMP. 

The products (run 2, Table 4) were: Th (0.11 g, 0.52 mmol), ThO (32 

mg, 0.14 mmol), sulfilimine (41a, 32 mg, 0.085 mmol), DTBMP (0.12 

g, 0.60 mmol) and 19a (47 mg, 0.29 mmol). 

2-Amino-5-(p-Methoxyphenyl)-l.3.4-Oxadiazole (19 b) 

The reaction was carried out with 76 mg (0.40 mmol) of 19b, 

0.25 g (0.80 mmol) of Th+-Cl04- and 0.17 g (0.80 mmol) of DTBMP. 

The products (run 4, Table 4) were: Th (0.14 g, 0.65 mmol), ThO (11 

mg, 0.046 mmol), sulfilimine (41b, 23 mg, 0.057 mmol) and 19b (4.0 

mg, 0.021 mmol). 

Reactions of Benzaldehyde Semicarbazone 
with Thianthrene Cation Radical 

in the Presence of Perchloric Acid 

To 0.25 g (0.80 mmol) of Th+Cl04" and 65 mg (0.40 mmol) of 

benzaldehyde semicarbazone under argon in a septum-capped flask 

was added 20 ml of acetonitrile by syringe. An aliquot of 70% of 

perchloric acid was added to the stirred mixture. Stirring was 
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continued for 1 day, by which time the cation radical color had 

disappeared. Workup followed as described for the reactions of 

semicarbazones with Th+C104". Results are given in Table 5. 

Reactions of Benzaldehyde Semicarbazone 
with Thianthrene Cation Radical 

in the Presence of Water 

To 0.25 g (0.80 mmol) of Th+-C104- and 65 mg (0.40 mmol) of 

benzaldehyde semicarbazone under argon in a septum-capped flask 

was added 20 ml of acetonitrile by syringe. An aliquot of water was 

added to the stirred mixture. Stirring was continued overnight, by 

which time the cation radical color had disappeared. Workup 

followed as described for the reactions of semicarbazones with 

Th''"C104". Results are given in Table 6. 

Reaction of Benzaldehyde Semicarbazone (17a) 
with Lead tetraacetate in Acrylonitrile 

To a stirred solution of 0.50 g (3.1 mmol) of 17a in 40 ml of 

acrylonitrile was added 1.5 g (3.4 mmol) of lead tetraacetate in 20 ml 

of acrylonitrile. After being stirred for 30 minutes, the reaction 

mixture was poured into 20 ml of water. After extraction with 

methylene chloride, the solution was dried over anhydrous 

magnesium sulfate and worked up to give 2-amino-5-phenyl-l,3,4-

oxadiazole (19a). The crude product was crystallized from ethanol 

after decolorizing in ethanol with charcoal to give 0.12 g of 19a (0.75 

mmol, 24%) and had mp 240-241 oc (lit.50 241-243 oC). 
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Reactions of Phenols with 
Thianthrene Cation Radical 

2.4.6-Trisubstituted Phenols Containing 
the t-Butyl Group: General Procedure 

The phenol and Th"'"-C104" were placed in a 25-ml, volumetric 

flask which was capped with septum. The flask was evacuated with a 

mechanical pump and filled with argon. Solvent nitrile (20 ml) was 

added to the flask with a syringe. The mixture was stirred at room 

temperature until the cation radical color had disappeared. To the 

flask was added 0.1 ml of 4M aqueous potassium carbonate solution 

by syringe and the volume was made up to 25 ml. Thereafter, gas 

products were analyzed by GC on columns C and D. Cyclohexane was 

used as the internal standard. Following GC analysis, 5 ml of water 

was added. The mixture was extracted with 3 x 50 ml of methylene 

chloride and worked up to give a solid residue. The residue was 

dissolved in 10 ml of methylene chloride for assay of products by GC 

on column B with the use of naphthalene as internal standard and 

predetermined response factors (Rf). Products were identified by GC-

MS, and comparison with authentic materials. The benzoxazoles were 

separated by preparative TLC and identified by iR NMR, GC-MS and 

elemental analysis. 

Each reaction was carried out twice. A summary of products 

and yields is given in Table 7. 
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2.4.6-Tri-t-Butylphenol (42a) in Acetonitrile 

The reaction was carried out with 0.11 g (0.40 mmol) of 42a 

and 0.25 g (0.80 mmol) of Th+-C104-. The products (run 1, Table 7) 

were: N-t-butylacetamide (37a, 7.8 mg, 0.068 mmol), isobutene (2.6 

mg, 0.046 mmol), t-butanol (18 mg, 0.25 mmol), 2,6-di-t-butyl-p-

benzoquinone (35, 1.9 mg, 0.0087 mmol), 2,4-di-t-butylphenol (43a, 

3.7 mg, 0.018 mmol), 42a (1.3 mg, 0.0050 mmol), 5,7-di-t-butyl-2-

methylbenzoxazole (34a, 78 mg, 0.32 mmol), Th (0.16 g, 0.76 mmol) 

and ThO (1.2 mg, 0.0050 mmol). 

34a was crystallized from hexane and had mp 62-63 oc (lit.8 

mp 55-56 OC). 

iR NMR (CDCI3): 8 : 7.50 (d, J = 1.86, IH), 7.22 (d, J = 1.88, IH), 

2.62 (s, 3H), 1.46 (s, 9H), 1.35 (s, 9H). 

GC-MS: m/e (relative intensity): 245 (M+, 94.5), 231 (97.9), 230 

(100), 115 (37.2), 93 (62.1), 77 (48.8), 65 (32.5), 57 (100), 41 (100). 

2.4.6-Tri-t-Butylphenol (42a) in Propionitrile 

The reaction was carried out with 0.11 g (0.40 mmol) of 42a 

and 0.25 g (0.80 mmol) of Th+-C104". The products (run 2, Table 7) 

were: N-t-butylpropionamide (37b, 21 mg, 0.16 mmol), isobutene 

(4.2 mg, 0.046 mmol), t-butanol (9.8 mg, 0.13 mmol), 35 (3.7 mg, 

0.017 mmol), 43a (5.2 mg, 0.025 mmol), 42a (2.1 mg, 0.0080 mmol), 

5,7-di-t-butyl-2-ethylbenzoxazole (34b, 80 mg, 0.31 mmol) and Th 

(0.16 g, 0.75 mmol). 

34b was crystallized from pentane and had mp 45-46 o c . 
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IH NMR (CDCI3): 8 : 7.55 (d, J = 1.92, IH), 7.24 (d, J = 1.92, IH), 

2.96 (q, 2H), 1.47 (s), 1.45 (t), 1.34 (s, 9R). Peaks at 8 = 1.47 and 1.45 

totalling 12H were superimposed. 

GC-MS: m/e (relative intensity): 259 (M+, 33.9), 245 (45), 244 

(100), 188 (44.6), 115 (17.2), 91 (16.8), 77 (15.8), 57 (47.1), 41 

(57.2). 

Anal. Cald. for C17H25NO: C, 78.8; H, 9.65; N, 5.40 

Found: C, 79.0; H, 9.86; N, 5.13 

2.4.6-Tri-t-Butylphenol (42a) in Acrylonitrile 

The reaction was carried out with 0.11 g (0.40 mmol) of 42a 

and 0.25 g (0.80 mmol) of Th+C104-. The products (run 3, Table 7) 

were: N-t-butylacrylamide (37c, 8.5 mg, 0.067 mmol), isobutene (5.4 

mg, 0.10 mmol), t-butanol (13 mg, 0.17 mmol), 35 (8.6 mg, 0.039 

mmol), 43a (7.0 mg, 0.034 mmol), 42a (6.8 mg, 0.026 mmol), 5,7-di-

t-butyl-2-vinylbenzoxazole (34c, 57 mg, 0.22 mmol), Th (0.17 g, 0.76 

mmol) and ThO (3.3 mg, 0.014 mmol). 

34c was obtained as an oil. 

iR NMR (CDCI3): 8 : 7.58 (d, J = 1.92, IH), 7.30 (d, J = 1.90, IH), 

6.77 ( d of d, J = 17.6, 10.96, IH), 6.44 (d of d, J = 17.63, 1.29, IH), 

5.81 (d of d, J = 10.96, 1.26, IH), 1.50 (s, 9H), 1.38 (s, 9H). 

GC-MS: m/e (relative intensity): 257 (M+, 33.3), 242 (100), 186 

(55.7), 115 (23.6), 99 (33.7), 77 (33.9), 57 (100), 41 (100). 
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Catalytic Hydrogenation of 
5.7-Di-t-Butyl-2-Vinylbenzoxazole (34c) 

Hydrogen gas from a balloon was passed for 1 day at room 

temperature into a solution of 12 mg (0.047 mmol) of 34c in 10 ml 

of ether over 1.5 mg of Pd/C catalyst. The catalyst was removed by 

filtration and the solvent was evaporated in a rotary evaporator. The 

reduced product (8.3 mg, 0.032 mmol, 68%) was obtained with mp 

42-43 oc. Hydrogenation of the vinyl to the ethyl group was 

confirmed by iR NMR, and the product was identified by GC-MS and 

comparision with an authentic 34b (mp 45-46 oC). 

iR NMR (CDCI3): 8 : 7.54 (d, J = 1.72, IH), 7.23 (d, J = 1.80, IR), 

2.96 (q, 2H), 1.47 (s), 1.45 (t), 1.36 (s, 9H). Peaks at 8 = 1.47 and 1.45 

totalling 12H were superimposed. 

GC-MS: m/e (relative intensity): 259 (M+, 19.9), 245 (23.9), 244 

(100), 188 (23), 115 (11.8), 91 (12.1), 77 (11.2), 57 (32.1), 41 (47.7). 

2.6-Di-t-Butyl-4-Methoxyphenol (42b) in Acetonitrile 

The reaction was carried out with 95 mg (0.4 mmol) of 42b 

and 0.25 g (0.80 mmol) of Th+-C104". The products (run 4, Table 7) 

were: N-t-butylacetamide (37a) (14 mg, 0.12 mmol), isobutene (1.4 

mg, 0.025 mmol), t-butanol (12 mg, 0.16 mmol), 35 (8.3 mg, 0.038 

mmol), 7-t-butyl-5-methoxy-2-methylbenzoxazole (34d, 70 mg, 

0.32 mmol), Th (0.17 g, 0.79 mmol) and ThO (1.7 mg, 0.0074 mmol). 

34d was crystallized from pentane and had mp 60-62 o c . 
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iR NMR (CDCI3): 8 : 6.97 (d, J = 2.52, IR), 6.79 (d, J = 2.54, IH), 

3.83 (s, 3H), 2.63 (s, 3H), 1.40 (s, 9H). 

GC-MS: m/e (relative intensity): 219 (M+, 94.7), 204 (100), 176 

(44), 163 (36.2), 135 (45.6), 105 (22.7), 91 (56.2), 77 (33.4), 53 

(51.7), 41 (47.1). 

Anal. Cald. for C13R17NO2: C, 71.2; H, 7.76; N, 6.39 

Found: C, 71.5; H, 7.53; N, 6.52 

2.6-Di-t-Butyl-4-Methylphenol (42c) in Acetonitrile 

The reaction was carried out with 88 mg (0.40 mmol) of 42c 

and 0.25 g (0.80 mmol) of Th+-Cl04-. The products (run 5, Table 7) 

were: N-t-butylacetamide (37a, 8.3 mg, 0.073 mmol), isobutene (1.4 

mg, 0.025 mmol), t-butanol (16 mg, 0.21 mmol), 2-t-butyl-4-

methylphenol (43b, 3.6 mg, 0.022 mmol), 7-t-butyl-2,5-

dimethylbenzoxazole (34e, 35 mg, 0.17 mmol), Th (0.16 g, 0.75 

mmol) and ThO (4.5 mg, 0.020 mmol). 

34e was sublimed and had mp 102-104 o c . 

iR NMR (CDCI3): 8 : 7.28 (d, J - 1.22, IH), 6.98 (d, J = 1.22, IR), 

2.63 (s, 3H), 2.44 (s, 3H), 1.45 (s, 9H). 

GC-MS: m/e (relative intensity): 203 (M+, 98.4), 188 (100), 160 

(100), 145 (40.7), 119 (99.7), 103 (40.7), 91 (88.3), 77 (70.1), 51 

(44.1), 41 (62.1). 

Anal. Cald. for C13H17NO: C, 76.9; H, 8.37; N, 6.90 

Found: C, 76.6; H, 8.48; N, 6.78 
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2-t-Butyl-4.6-Dimethylphenol (42d) in Acetonitrile 

The procedure was changed slightly because 42d is a liquid. 

Th+-C104" (0.25 g, 0.80 mmol) was placed in the 25-ml of volumetric 

flask which was capped with septum. The flask was evacuated and 

filled with argon. Acetonitrile (10 ml) was added by syringe, and 

followed with a solution of 71 mg (0.40 mmol) of 42d in 10 ml of 

acetonitrile. The mixture was stirred for 3 hours, by which time the 

cation radical color had disappeared. The reaction mixture was 

worked up as usual way. The products (run 6, Table 7) were: N-t-

butylacetamide (37a, 3.0 mg, 0.026 mmol), isobutene (5.4 mg, 0.10 

mmol), 2,4-dimethylphenol (43c, 2.8 mg, 0.023 mmol), 42d (3.4 mg, 

0.019 mmol), 4-t-butyl-2,5,7-trimethylbenzoxazole (34R, 12 mg, 

0.056 mmol), Th (0.16 g, 0.74 mmol), ThO (8.4 mg, 0.036 mmol) and 

Th02 (2.5 mg, 0.010 mmol). 

34R was sublimed and had mp 72-73 oc . 

IR NMR (CDCI3): 8 : 6.96 (s, IH), 2.65 (s, 3H), 2.47 (s, 3H), 2.35 

(s, 3H), 1.45 (s, 9R). 

GC-MS: m/e (relative intensity): 217 (M+, 26.1), 202 (100), 174 

(10.3), 133 (15,8), 115 (11.5), 91 (17.7), 77 (12.1), 65 (10.4), 42 

(15.9). 

Anal. Cald. for C14R19NO: C, 77.4; H, 8.76; N, 6.45 

Found: C, 77.4; H, 8.66; N, 6.27 
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Monosubsrituted and 2.6-Disubsrituted 
Phenols: General Procedure 

The phenol and Th+-Cl04- and 20 ml of acetonitrile were placed 

under argon in a 50 ml, septum-capped, round-bottomed flask in the 

usual way. The reaction mixture was stirred at room temperature 

until the cation radical color had disappeared. The solution was 

diluted with 5 ml of water and extracted with 3 x 50 ml of 

methylene chloride. The solution was worked up to give a solid 

residue. In order to remove the 5-arylthianthreniumyl perchlorate, 

the solid residue was dissolved in 10 ml of methylene chloride and 

50 ml of ether was added. This solution was allowed to stand in the 

refrigrator overnight. A precipitate formed that was removed by 

filtration. The filtrate was concentrated to 10 ml and subjected to GC 

assay on column B, with the use of naphthalene as internal standard 

and predetermined response factors. In run 4 (Table 8), phenoxathiin 

was used as internal standard. The thianthreniumyl perchlorate was 

purified by reprecipitation (CR2Cl2/ether, v/v, 1:5), and identified by 

iR NMR, IR and elemental analysis (in some cases). IR showed a 

strong band at 1100 cm-1 attributable to the CIO4- ion. 

The 5-arylthianthreniumyl perchlorate was treated with a 

base, such as aqueous sodium carbonate or sodium hydroxide 

solution. The basic solution was then extracted with methylene 

chloride. Work up gave a residue that was crystallized from an 

appropriate solvent and identified by iR NMR and elemental analysis 

(in some cases). 
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Each reaction was carried out twice. A summary of products 

and yields is given in Table 8. In Table 8 are shown also the 

structures of products. iR NMR data of 5-arylthianthreniumyl 

perchlorates and their deprotonated products are given in Tables 9 

and 10. 

Monitoring the Reversible Deprotonation of 5-Aryl
thianthreniumyl Perchlorates with UV Spectroscopy 

Separate solutions of a weighed amount of a 5-arylthianthren

iumyl perchlorate (47) which is colorless, and its deprotonated 

product (48, 5-substituted-l-ylidene-5,5-dihydrothianthrene), 

which is yellow, were made in an appropriate solvent. The UV 

spectrum of each solution was recorded. Thereafter, when 1 drop of 

perchloric acid was added to the solution of 48, the yellow color 

disappeared and UV spectrum changed to that of the corresponding 

47. The Xmax and its 8 value of both 47 and 48 were recorded. 

For convenience, 48 will be named as "a quinonoid" throughout 

this dissertation. 

2.6-Di-t-Biitvlphenol (42g) 

The reaction was carried out with 82 mg (0.40 mmol) of 42g 

and 0.25 g (0.8 mmol) of Th+C104". The products (run 1, Table 8) 

were: Th (79 mg, 0.36 mmol), ThO (12 mg, 0.052 mmol), N-t-

butylacetamide (1.2 mg, 0.010 mmol) and 5-(3,5-di-t-butyl-4-

hydroxyphenyl)thianthreniumyl perchlorate (47a, 0.19 g, 0.36 

mmol, mp 253-254 oC). 
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47a: UV: Xmax (CH2CI2) (10-3 e): 283 nm (11.0), 232 nm (17.2). 

47a (0.10 g, 0.19 mmol) was treated with aqueous sodium 

carbonate to give 73 mg (0.17 mmol, 91%) of quinonoid 48a which 

was crystallized from ethanol and had mp 238-240 o c . 

48a: UV: >.max (CR2CI2) (10-3 e): 360 nm (8.9), 232 nm (14.9). 

Anal. Cald. for C26R28S2O: C, 74.3; R, 6.67; S, 15.2 

Found: C, 74.3; H, 6.67; S, 15.4 

2.6-Dimethylphenol (42h) 

The reaction was carried out with 49 mg (0.40 mmol) of 42h 

and 0.25 g (0.80 mmol) of Th+C104-. The products (run 2, Table 8) 

were: Th (75 mg, 0.35 mmol), ThO (4.2 mg, 0.018 mmol) and 5-(3,5-

dimethyl-4-hydroxyphenyl)thianthreniumyl perchlorate (47b) (0.16 

g, 0.37 mmol, mp IIO-II30C). 

47b: UV: >.max (CR2CI2/CR3CN, v/v, 1:4) (10-3 e): 285 nm (11.9), 

259 nm (16.2). 

47b (100 mg, 0.23 mmol) was treated with aqueous sodium 

carbonate to give 69 mg (0.21 mmol, 90%) of quinonoid 48b which 

was reprecipitated from CH2Cl2/ether (v/v, 1:5) and had mp 

205-206 o c . 

48b: UV: Xmax (CR2CI2/CH3CN, v/v, 1:4) (10-3 e) : 314 nm (7.64), 

289 nm (9.13). 

Anal. Cald. for C20R16S2O: C, 71.4; H, 4.76; S, 19.1 

Found: C, 71.4; H, 4.73; S, 19.1 
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2.6-Diisopropylphenol (421) 

The reaction was carried out with 71 mg (0.40 mmol) of 42i 

and 0.25 g (0.80 mmol) of Th+-Cl04-. 421 is a liquid, and therefore, 

was added as a solution in 10 ml of acetonitrile to the Th+-C104" 

under 10 ml of acetonitrile. The reaction mixture was worked up in 

the usual way. The products (run 3, Table 8) were: Th (79 mg, 0.36 

mmol), ThO (7.0 mg, 0.030 mmol), Th02 (2.2 mg, 0.0087 mmol) and 

5-(3,5-diisopropyl-4-hydroxyphenyl)thianthreniumyl perchlorate 

(47c) (184 mg, 0.374mmol, mp 205-208 oC). 

47c: UV: Xmax (CH2CI2) (10-3 e): 260 nm (12.2), 234 nm (17.9). 

47c (0.10 g, 0.20 mmol) was treated with aqueous sodium 

carbonate to give 65 mg (0.17 mmol, 82%) of quinonoid 48c which 

was crystallized from acetonitrile and had mp 240-242 oC. 

48c: UV: Xmax (CR2CI2) (10-3 e) : 358 nm (9.86), 310 nm (12.6). 

Anal. Cald. for C24R24S2O: C, 73.5; H, 6.12; S, 16.3 

Found: C, 73.5; H, 6.07; S, 16.7 

2.6-Dichlorophenol (42j) 

The reaction was carried out with 65 mg (0.40 mmol) of 42j 

and 0.25 g (0.80 mmol) of Th+-C104-. After 2 days of stirring, the 

color of Th+-Cl04" persisted. Water (1 ml) was added to the reaction 

mixture, and work up followed in the usual way. The products (run 

4, Table 8) were: Th (84 mg, 0.39 mmol), ThO (34 mg, 0.15 mmol), 

T h 0 2 (1-7 mg, 0.0070 mmol) 42j (21 mg, 0.13 mmol) and 
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5-(3,5-dichloro-4-hydroxyphenyl)thianthreniumyl perchlorate (47 d) 

(0.11 g, 0.24 mmol, mp 221-223 o c ) . 

47d: UV: ?imax (CR2CI2) (10-3 £): 313 nm (6.6), 282 nm (7.9), 

247 nm (18.2). 

47d (0.10 g, 0.21 mmol) was treated with aqueous sodium 

carbonate to give 62 mg (0.17 mmol, 79%) of quinonoid 48d which 

was crystallized from acetonitrile and methylene chloride, and had 

mp 245-248 oc (dec). 

48d: UV: ^max (CH2CI2) (10-3 e) : 341 nm (8.1), 301 nm (7.3), 

233 nm (12.4). 

2.6-Dibromophenol (42k) 

The reaction was carried out with 0.10 g (0.40 mmol) of 4 2k 

and 0.25 g (0.80 mmol) of Th+C104- with the same experience as 

with 42j . The products (run 5, Table 8) were: Th (87 mg, 0.40 mmol), 

ThO (36 mg, 0.16 mmol), Th02 (0.20 mg, 0.010 mmol) 42k (33 mg, 

0.13 mmol) and 5-(3,5-dibromo-4-hydroxyphenyl)- thianthreniumyl 

perchlorate (47e) (0.13 g, 0.23 mmol, 

mp 110-111 oc (dec.)). 

47e: UV: ?imax (CR3CN/CH2CI2, v/v, 1:4) (10-3 8): 284 nm (10.0), 

234 nm (29.1). 

47e (0.10 g, 0.8 mmol) was treated with aqueous sodium 

carbonate to give 70 mg (0.15 mmol, 85%) of quinonoid 48e which 

was crystallized from methylene chloride and had mp 195-198 oc 

(dec ) . 
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48e: UV: >.max (CR3CN/CH2CI2. v/v, l:4)(10-3 8) : 340 nm (9.97), 

302 nm (10.2), 235 nm (13.3). 

2.6-Difluorophenol (421) 

The reaction was carried out with 53 mg (0.40 mmol) of 421 

and 0.25 g (0.80 mmol) of Th+-C104- with the same experience as 

with 42j. The products (run 6, Table 8) were: Th (85 mg, 0.39 mmol), 

ThO (40 mg, 0.17 mmol), Th02 (1.9 mg, 0.0077 mmol) 421 (17 mg, 

0.13 mmol) and 5-(3,5-difluoro-4-hydroxyphenyl)thianthren- iumyl 

perchlorate (47f) (94 mg, 0.21 mmol, mp 220-223 oc) . 

47f: UV: >.max (CR3CN/CH2CI2, v/v, 1:4) (10-3 8): 318 nm (10.0), 

294 nm (9.84), 234 nm (19.8). 

47f (0.10 g, 0.23 mmol) was treated with aqueous sodium 

carbonate to give 67 mg (0.19 mmol, 86%) of quinonoid 48f which 

was crystallized from acetonitrile and had mp 197-200 o c . 

48f: UV: ^max (CH3CN/CH2CI2. v/v, 1:4) (10-3 8) : 334 nm (14.6), 

294 nm (10.9), 234 nm (12.7). 

Phenol (42m) 

The reaction was carried out with 38 mg (0.4 mmol) of 42m 

and 0.25 g (0.80 mmol) of Th+-Cl04-. The products (run 7, Table 8) 

were: Th (76 mg, 0.35 mmol), ThO (5.4 mg, 0.023 mmol), Th02 (1.9 

mg, 0.0076 mmol) and 5-(4-hydroxyphenyl)thianthreniumyl 

perchlorate (47g) (0.14 g, 0.34mmol, mp 256-258 oC) (lit.7 mp 

256.5-257.5 oC). 
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47g: UV: >.max (CH3CN/CH2CI2. v/v, 1:4) (10-3 8): 308 nm (5.5), 

234 nm (17.1). 

47g (100 mg, 0.245 mmol) was treated with aqueous sodium 

hydroxide to give 65.1 mg (0.21 mmol, 86%) of quinonoid (48g) 

which was reprecipitated from CH3CN/ether (v/v, 1:5) and had mp 

138-143 o c . 

48g: UV: Xm^x (CH3CN/CH2CI2, v/v, 1:4) (10-3 e) ; 336 nm (9.7), 

292 nm (14.9). 

4-t-Butylphenol (42n) 
A: 2 : 1 Ratio of reactants 

The reaction was carried out with 60 mg (0.40 mmol) of 4 2n 

and 0.25 g (0.80 mmol) of Th+Cl04" . The products (run 8, Table 8) 

were: Th (82 mg, 0.38 mmol), 42n (2.1 mg, 0.014 mmol) and 

5-(5-t-butyl-2-hydroxyphenyl)-thianthreniumyl perchlorate (49) 

(0.16 g, 0.34 mmol, mp 214-215 oC). 

49: UV: ?imax (CH3CN) (10-3 8): 301 nm (8.1). 

Anal. Cald. for C22H21CIS2O5: C, 56.8; H, 4.52; S, 13.8; Cl, 7.64 

Found: C, 56.7; H, 4.49; S, 13.5; Cl, 7.51 

49 (100 mg, 0.216 mmol) was treated with aqueous sodium 

carbonate to give 60 mg (0.17 mmol, 77%) of quinonoid (50) which 

was recrystallized from CH3CN and had mp 152-154 oC. 

50: UV: Xm^x (CR3CN) (10-3 8) : 360 nm (2.38), 288 nm (5.32). 
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4-t-Butvlphenol (42n) 
B: 4 : 1 Ratio of reactants 

The reaction was carried out with 30 mg (0.20 mmol) of 4 2n 

and 0.25 g (0.80 mmol) of Th-^.C104-. The products (run 9, Table 8) 

were: Th (74 mg, 0.34 mmol), ThO (9.2 mg, 0.040 mmol) and 

quinonoidal bis(thianthreniumyl) monoperchlorate (51) (0.12 g, 

0.18 mmol, mp 220-225 oC). 

51: UV: Xmax (CH3CN) (10-3 8): 369 nm (11.8), 285 nm (9.1). 

When 1 drop of HCIO4 was added to the solution of 51, the 

absorption band at 369 nm disappeared. 

Conversion of 5-Arylthianthreniumyl 
perchlorate 51 into Bis-thianthreniumyl 
Diperchlorate 51a with Perchloric Acid 

Since the deprotonated product 51 was obtained from reaction 

with 4 2 n , 5 1 (20 mg, 0.03 mmol) was acidified with HCIO4 in 10 ml 

of dry acetonitrile, to which 50 ml of ether was next added. At this 

time, some precipitation occurred and the solution was allowed to 

stand in the refrigerator overnight. The precipitate was filtered and 

dried. The bis-thianthreniumyl diperchlorate (51a,18 mg, 

0.023 mmol, 79%) was obtained and had mp 124-130 oc (dec). 

51a: UV: ?imax (CH3CN) (10-3 8) : 291 nm (12.2). 

When 1 drop of water was added to a solution of 51a in CH3CN, 

the UV spectrum changed to that of 51 , that is, the absorption band 

of 369 nm had appeared. 
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2-t-Butvlphenol (42o) 
A: 2 : 1 Ratio of reactants 

The reaction was carried out by same method described for the 

421, using 60 mg (0.40 mmol) of 42o and 0.25 g (0.8 mmol) of 

Th+-Cl04~ in acetonitrile. The products (run 10, Table 8) were: Th 

(96 mg, 0.45 mmol), 42o (2.6 mg, 0.017 mmol) and 5-(3-t-butyl-4-

hydroxyphenyl)thianthreniumyl perchlorate (47h, 0.15 g, 0.32 

mmol, mp 219-221 oc) (lit.7 mp 205-206 oC). 

47h: UV: Xmax (CH2CI2) (10-3 8): 258 nm (16.8). 

Anal. Cald. for C22R21CIS2O5: C, 56.8; R, 4.52; S, 13.8; Cl, 7.64 

Found: C, 56.9; H, 4.56; S, 13.7; Cl, 7.73 

47h (0.10 g, 0.22 mmol) was neutralized with aqueous sodium 

carbonate to give 64 mg (0.18 mmol, 82%) of quinonoid 48h which 

was crystallized from ethanol/water and had mp 232-233 o c . 

48h: UV: ?imax (CR2CI2) (10-3 8) : 333 nm (8.94), 300 nm (15.1). 

2-t-Butylphenol (42o) 
B: 4 : 1 Ratio of reactants 

The reaction was carried out with 30 mg (0.20 mmol) of 4 2o 

and 0.25 g (0.8 mmol) of Th-^--C104'. After 2 days of stirring, the color 

of cation radical had not disappeared. Nevertheless, the reaction 

mixture was worked in the usual way. IR NMR spectroscopy showed 

that the product was a mixture of the monothianthreniumyl- (47h) 

and the quinonoidal bis(thianthreniumyl) monoperchlorate (52) . 

47h and 52 could not be separated quantitatively. Accordingly, the 

ratio of 47h and 52 in the mixture was determined from 
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comparision of the areas of the signals of the C-6 proton (47h) with 

average value of the areas of the signals of the C-3 and C-5 phenolic 

protons (52) in the iR NMR spectrum. The products (run 11, Table 8) 

were: Th (85 mg, 0.40 mmol), ThO (36 mg, 0.16 mmol), 47h ( 53 mg, 

0.12 mmol) and quinonoidal bis(thianthreniumyl) monoperchlorate 

(52, 36 mg, 0.053 mmol). 

The mixture of 47h and 52 was dissolved in 10 ml of 

methylene chloride and 25 ml of ether was added. A precipitate 

formed that was removed after 30 minutes. The filtrate was found to 

contain 47h and 52, while the solid (11 mg, mp 175-180 oC) was 

found by iR NMR to be 52. 

52: UV: >.max (CH2CI2) (10-3 8): 312 nm (21.3), 235 nm (29.8). 

When 1 drop of perchloric acid was added to the solution of 52, 

the UV spectrum changed showing peaks at 308 nm (10.1) and 237 

nm (38.7), attributable to the bis(thianthreniumyl) diperchlorate 

5 2 a . 

2-Allylphennl ( 4 2 D ) 

The reaction was carried out by same method as described for 

421, using 54 mg (0.40 mmol) of 42p and 0.25 g (0.80 mmol) of 

Th+C104- . The products (run 12, Table 8) were: Th (69 mg, 0.32 

mmol), ThO (10 mg, 0.043 mmol), Th02 (3.5 mg, 0.014 mmol) and 5-

(3-allyl-4-hydroxyphenyl)thianthreniumyl perchlorate (471, 0.18 g, 

0.39 mmol, mp 144-146 oC). 

471: UV: Xmax (CH2CI2) (10-3 8): 256 nm (13.3). 
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471 (0.10 g, 0.22 mmol) was treated with aqueous sodium 

carbonate to give 71 mg (0.20 mmol, 91%) of quinonoid 481 which 

was crystallized from ethanol and had mp 209-210 o c . 

481: UV: Xmax (CR2CI2) (10-3 8) : 342 nm (8.3), 293 nm (12.3), 

233 nm (11.8). 

2.4.6-Trimethylphenol. 2.5-Di-t-Butylhydroquinone. 
2.4-Di-t-Butylphenol and 3.5-Di-t-Butylphenol: 
General Procedure 

The hydroquinone or phenol and Th+-Cl04" were placed under 

argon in the usual way with 20 ml of acetonitrile in a 50 ml, round-

bottomed flask, capped with septum. The mixture was stirred 

overnight, by which time the cation radical color was disappeared. 

The solution was diluted with 5 ml of water, neutralized with 

aqueous sodium bicarbonate solution, and extracted with 3 x 50 ml 

of methylene chloride. Workup gave a residue that was dissolved in 

10 ml of methylene chloride for assay of products by GC on column B 

with the use of naphthalene as an internal standard and 

predetermined response factors (Rf). Some products were separated 

by preparative TLC and identified by iR NMR and GC-MS. Each 

reaction was carried out twice. 

2,4.6-Trimethvlphenol (42e) 

The reaction was carried out with 55 mg (0.40 mmol) of 42e 

and 0.25 g (0.80 mmol) of Th+-Cl04". The products and their yields 

were: Th (0.17 g, 0.78 mmol, 98%), ThO (2.4 mg, 0.011 mmol, 1.4%) 
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and Th02 (2.3 mg, 0.0092 mmol, 1.2%). No product from the phenol 

could be found. 

2.5-Di-t-Butylhydroquinone (42f) 

The reaction was carried out with 89 mg (0.40mmol) of 42f 

and 0.25 g (0.80 mmol) of Th-^•-C104^ 2,5-Di-t-butyl-p.-benzoquinone 

(40) was obtained as one of products. It was separated with 

preparative TLC, crystallized from pentane and had mp 152-153 oc 

(lit.82 152.5 OC). The products and their yields were: Th (0.17 g, 0.77 

mmol, 96%), ThO (6.5 mg, 0.028 mmol, 3.5%) and 40 (86 mg, 0.39 

mmol, 98%). 

40: IH NMR (CDCI3): 8 : 6.48 (s, 2H), 1.27 (s, 18 H). 

GC-MS: m/e (relative intensity): 220 (M+, 37.5), 205 (34), 177 

(33.5), 163 (47.5), 135 (25.3), 91 (28.9), 77 (23.8), 57 (24.1), 41 

(100). 

2.4-Di-t-Butylphenol (42q) 

The reaction was carried out with 84 mg (0.40 mmol) of 42q 

and 0.25 g (0.8 mmol) of Th+-Cl04". The retention times for Th and 

one of the products of reaction, 4-acetamido-2-t-butylphenol (39), 

on column B were found to be the same, but Th and 39 have 

different TLC Rf values. Therefore, the solution of the residue which 

was obtained from the workup of the reaction mixture was divided 

into two portions. One portion was used for quantitative analysis of 

N-t-butylacetamide (37a) by GC with column B; the other portion 
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was used for preparative TLC with ether as eluent. Th, ThO, 42q, 39 

and 5-[3,5-bis(t-butyl)-6-oxo-2,4-cyclohexadien-l-ylidene]-5,5-

dihydrothianthrene (46) were isolated, but Th, ThO and 42q eluted 

together. Therefore these compounds were removed from the plate 

as a mixture and quantitatively analyzed by GC on column B. The 

products (run 13, Table 8) were: Th (0.13 g, 0.59 mmol), ThO (2.1 mg, 

0.0090 mmol), 37a (29 mg, 0.25 mmol), 39 (41 mg, 0.20 mmol), 4 6 

(18 mg, 0.042 mmol) and 42q (15 mg, 0.073 mmol). 

39 was crystallized from methanol/water and had mp 

145-146 oc (lit.81 168-169 oc). Authentic 39 was prepared and had 

mp 146-147 o c . 

39: IR NMR (CDCI3/CD3CN, v/v, 5 : 1): 8 : 7.72 (br, IH), 7.30 

(d of d, J = 8.83, 2.97, IH), 7.21 (d, J = 2.54, IH), 6.67 (d, J = 8.48, IH), 

6.57 (br, IR), 2.10 (s, 3H), 1.37 (s, 9R). 

GC-MS: m/e (relative intensity): 207 (M" ,̂ 49.9), 192 (35), 165 

(43.1), 150 (70.3), 149 (15.4), 122 (32.8), 77 (16.5), 53 (15.9), 43 

(100), 41 (20.6). 

Conversion of Ouinonoid 46 to the 5-Arylthianthreniumyl 
Perchlorate 46a 

Since the quinonoid (46, mp 123-128 oC) was obtained from 

this reaction, 46 (10 mg, 0.024 mmol) was acidified with HCIO4 in 10 

ml of methylene chloride. Thereafter, 1 ml of water was added and 

the solution was extracted with methylene chloride (3 x 10 ml). 

Workup gave 5-(3,5-di-t-butyl-2-hydroxyphenyl)thianthreniumyl 

perchlorate (46a, 8 mg, 0.015 mmol, 63%) and had mp 176 oc (dec). 
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46a: UV: >.max (CH3CN) (10-3 8): 295 nm (6.1). 

46: UV: Xmax (CH3CN) (10-3 8) : 372 nm (2.5), 285 nm (7.5). 

When 1 drop of HCIO4 was added to the solution of 46, the 

spectrum changed to that of 46a, that is, the absorption band at 372 

nm disappeared. 

3.5-Di-t-Butylphenol (42r) 

The reaction was carried out with 55 mg (0.40 mmol) of 42r 

and 0.25 g (0.80 mmol) of Th+-C104-. The color of the cation radical 

persisted for over 3 days, and the reaction mixture was worked up in 

the usual way. The products and their yields were: Th (0.13 g, 

0.60 mmol, 75% ), ThO (19 mg, 0.080 mmol) and Th02 (8.9 mg, 0.036 

mmol, 4.5%). No product from the phenol could be found. 

Reactions of Di-t-Butylbenzenes with 
Thianthrene Cation Radical in Acetonitrile 

1.3-Di-t-Butylbenzene (53a) 

The reaction was carried out as described for that of 2,5-di-t-

butylhydroquinone (42f), using 76 mg (0.40 mmol) of 53a and 

Th+C104". The color of Th+-C104- remained after 2 days of stirring. 

The mixture was worked up in the usual way. The products (run 1, 

Table 11) were: Th (85 mg, 0.39 mmol), ThO (81 mg, 0.35 mmol) and 

53a (61 mg, 0.32 mmol). 
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1.4-Di-t-Butylbenzene (53b) 

The reaction was carried out as with 53a, using 76 mg (0.40 

mmol) of 53b and Th+C104-. Since 53b is liquid, its solution in 10 ml 

of acetonitrile was added to the Th+-C104- solution of 10 ml of 

acetonitrile. The products (run 2, Table 11) were: Th (89 mg, 0.41 

mmol), ThO (77 mg, 0.33 mmol) and 53b (68 mg, 0.36 mmol). 
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Table 1: Yields of Products of Reactions of Th+-Cl04- with 
Semicarbazones (17) in Nitrile Solvents 

XC6H4CH=NNHCONH2 J^^' > ^ - C ' ^ ^ ^ N + / ^ C ^ ^ ^ N H 

17 O-C. HN—L 
19 ^ ^ 20 O 

Runa 17 

1 1 7 a 

2 1 7 a 

3 1 7 b 

4 1 7 c 

5 1 7 d 

6 1 7 e 

7 1 7 f 

X 

R 

H ( 

P-OCH3 

P-CH3 

m-N02 

p-Cl 

p-N(CR3)2 

Rin 

RCN 

Me 

CH=CH2 

Me 

Me 

Me 

Me 

Me 

+ Tl 

Th 

94 

97 

89 

81 

87 

91 

94 

I (+ ThO) 

Products, 

ThO 

6.3 

5.3 

16 

9.5 

8.6 

1 9 

64h 

61b 

47c 

42d 

3 i e 

38f 

89g 

% 

2 0 

16h 

16h 

tri 

17J 

14 

2 4 

1 1 

4 

2 1 

a.Th+-C104- (0.8 mmol) and 17 (0.4 mmol) were used in all runs. 
I i l 9 a . £^19b. i l 9 c . fcl9d. f 19e. g^l9f. I l20a . i Trace amount of 
20e was obtained.! Recovered. 
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Table 2: Yields of Products of Reactions of Th-»--C104- with 

Semicarbazones (17) in the Presence of DTBMP in Nitrile 
Solvents 

XCgH 4CH=NNHCONH2 

17 

Th +. ,N. ,N. 
^ < r A c^.^^N + < r V c ^ ^NH 

DTBMP x < = / \ '/ X < = / ^ / 
RCN O-C. H N - 4 ^ 

19 20 

X<^=/ \ I! O-C 
I 

N 

+ Th ( + ThO) 

J ax) 
41 

Runa 

1 

2b 

3 

4 

5 

6 

17 

1 7 a 

1 7 a 

1 7 b 

1 7 c 

1 7 d 

1 7 e 

X 

H 

R 

P-

P-

m 

P-

OCR3 

CH3 

-NO2 

Cl 

Rin 

RCN 

Me 

CH=CR2 

Me 

Me 

Me 

Me 

Th 

94 

78 

97 

95 

79 

85 

Products 

ThO 

7.7 

19 

3.8 

3.5 

14 

9.8 

19 

66C 

35c 

67d 

86e 

12f 

36g 

, % 

41h 

6.0i 

201 

5.0J 

17k 

21 

25 

6 

26 

DTBMPl 

66 

87 

84 

63 

a Th+-Cl04- (1.2 mmol), 17 (0.4 mmol) and DTBMP (0.8 mmol) were 
used in all runs. h. 2% of 20a was obtained, too. £- 19a. d. 19b. £• 19c. 
£ l 9 d . ^ 19e. b-The sulfilimine (41) appeared (TLC) to be present in 
all cases, but was isolated only from runs 1-3. i 41a. J- 41b. 
k Recovered. 1 The yield of recovered DTBMP was not assayed in runs 
1 and 5. 



78 

Table 3: Yields of Products of Reactions of TDBPA+-SbCl6- with 
Semicarbazones (17) in Acetonitrile 

XC6H4CH=NNHC0NH2 
17 

TDBPA""-

CH3CN 
N 

O - C . 

19 

TDBPA 

NH^ 

Runa 1 7 

1 1 7 a 

2 1 7 b 

3 1 7 c 

4b 17 d 

5 1 7 e 

X 

H 

P-OCH3 

P-CH3 

m-N02 

p-Cl 

TDBPAc 

64 

71 

87 

84 

85 

Products, % 

19 

1 9 a 94 

19b 76 

19c 64 

19d 48 

19e 79 

a TDBPA-'--SbCl6- (0.8 mmol) and 17 (0.4 mmol) were used in all runs, 
t. 8% of 17d was recovered. ^ Recovered. 
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Table 4: Yields of Products of Reactions of Th+-C104- with 

Oxadiazoles (19a, 19b) in the Presence 
and Absence of DTBMP in Acetonitrile 

^ ^ ^ . . N . ^ Th-- (DTBMP) ^ X b - C ^ Th (+ TliO) 

' O-C. CH3CN N 
NH^ 

4 1 

Runa 19 x 

1 1 9 a H 

2c 1 9 a H 

Th 

57 

65 

Products, 

ThOb 4 1 

26 27d 

17 2ld 

% 

19f 

63 

72 

DTBMPf 

74 

3 1 9 b P-OCH3 5 6 22 15^ 60 

4c 1 9 b P-OCH3 81 5.8 14e 5.3 5 1 

aTh-'--Cl04- (0.8 mmol) and 19a, b (0.4 mmol) were used in all runs, 
t From workup hydrolysis of unused Th+Cl04". ^ Reaction in the 
presence of DTBMP (0.8 mmol). il 41a. £ 41b. f Recovered. 
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Table 5: Effect of Added 70% HCIO4 on the Reaction of 

Benzaldehyde Semicarbazone (17a) with Th+Cl04" in 
Acetonitrile 

Ph .CH=NNHCONH, 1 5 5 5 ^ ^ ^ G^S'''^^^ ^ <G^^ '^ ' '> 
l'̂ " °-^~NH, ™ - / o 

19a 20a 

+ Th (+ ThO) 

Runa 

1 

2 

3 

4 

Hao4, 

mmol 

0 

0.8 

4.0 

10 

Th 

94 

94 

94 

94 

Products,b 

1 7 a 

14 

19 

25 

23 

% 

1 9 a 

64 

53 

62 

70 

2 0 a 

16 

1 1 

1 1 

10 

a Th-^--Cl04- (0.8 mmol) and 17a (0.4 mmol) were used in all runs. 
^Th was assayed by GC on column A; ThO was not assayed. 



Table 6: Effect of Added Water on the Reaction of Benzaldehyde 
Semicarbazone (17a) with Th+-Cl04- in Acetonitrile. 

81 

Ph-CH=NNHC0NH2 I h l _ ^ f~\^<'^-^ + Th + ThO 

17a ^ n—C 
CH3CN ^ ^^NH2 

19a 

Runa Water Products,b.c % 

mmol Th ThO 19a 17a 

1 0.8 9 2 trd 7 4 12 

2 15 90 2 79 10 

^ Th+-C104~ (0.8 mmol) and 17a (0.4 mmol) were used in all runs. 
liTh and ThO were assayed by GC on column A. s. Trace amounts of 
20a were obtained. ^ Trace amount was obtained. 
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Table 7: Yields of Products of Reactions of Th+Cl04- with 

2,4,6-Trisubstituted-Phenols (42) in Nitrile (RCN) Solvents.a 

R 
P^IT O D OH 

2Th^C104- ^ i ^ A r - ^ ^ B " N X / ^ ^ " ^'' 

RCN 

R2 

34a-e 

O 
35 

R2 

43 

+ tBuNHCOR + tBuOH + Me2C=CH2 + Th (+ ThO) 
37 44 45 

Runb 42 Products^, % 

Rl R2 3 4 3 5 3 7 4 3 4 4 ^ 4 5 ^ Th Ratio^ 

Ig 4 2 a tBu tBu 8 0 ^ 2.2 17^ 4.5^ 62 12 95 0.95 

2h 4 2 a tBu tBu 7 7 " 4.3 40^ 6.3^ 33 20 94 0.94 

3i 4 2 a tBu tBu 54o 9.8 17" 8.5^ 44 25 95 0.84 

4J 4 2 b tBu OMe 80P 9.4 31^ 39 6.3 99 l . ly 

5̂ ^ 4 2 c tBu Me 43^ 18S 5.6^ 53 6.3 94 0.63y 

61 4 2 d Me Me 6.5s 5.8^ 25 92 0.63y 
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Table 7 (Cont.) 

a. Solvents used were; acetonitrile for runs 1 and 4-6, propionitrile 
for run 2, and acrylonitrile for run 3. ^ Th+-C104- (0.8 mmol) and 
phenol (0.4 mmol) were used in all runs. ^ All products except 4 4 
and 45 were assayed by GC on column B. The percentage yields for 
all products except those containing the Th unit are based on the 
initial amount of 42. d.44 was assayed by GC on column C. £^45 was 
assayed by GC on column D. i The ratio (34 4- 35 + 43)/(37 -h 44 + 
45). g- 1.3% of 42a was recovered; 0.6% of ThO was obtained, h- 2% of 
42a was recovered, i 6.5% of 42a was recovered; 2% of ThO was 
obtained, i 1% of ThO and 1.3% of Th02 were obtained. ^ 2.4% of ThO 
was obtained. 1 4.8% of 42d was recovered; 4.5% of ThO was 
obtained, m. 34a. n.34b. Q-34c.-^34d. 0-34e. i 14% of the rearranged 
product (34R) was obtained, s 37a. 1375 . n 37c. ii 43a. :^ 43b. 
X 43c. y- The ratio (34 + 43)/(37 + 44 + 45) . 

Structures for Table 7 

R 

tBuNHCOR 
37 

R 

3 7 a Me 3 4 a Me tBu tBu 4 3a tBu tBu 
3 7 b Et 3 4 b Et tBu tBu 4 3 b tBu Me 
3 7 c Vinyl 34c Vinyl tBu tBu 4 3 c Me Me 

3 4 d Me tBu OMe 
3 4 e Me tBu Me 
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Table 8: Yields of Products of Reactions of Th+-C104- with 
Mono- and Disubstituted-Phenols in Acetonitrile. 

OH 
^ 2Th''C104' 

CH3CN 
+ Th (+ ThO + Th02) 

CIO. 

Runa 42 Productsb , % 

Rl R2 R3 Th ThO Th02 47« Others 

1 4 2 g tBu H tBu 46 

2 4 2 h Me H Me 43 

7 

8 

9d 

10 

l i d 

12 

13 

4 2 1 iPr R 

4 4 2 j Cl 

5 4 2 k Br 

4 2 1 F 

4 2 m H 

4 2 n H 

4 2 n H 

H 

H 

H 

H 

tBu 

tBu 

4 2 o tBu H 

4 2 o tBu H 

4 2 p Allyl H 

4 2 q tBu tBu 

iPr 

Cl 

Br 

H 

H 

H 

R 

H 

R 

H 

45 

48 

50 

49 

44 

47 

43 

56 

49 

40 

74 

6.5 

2.3 

4.9 

47a 91 

47b 92 

3.8 1.1 47c 94 

18 1.8 47d 60 

19 1.3 47e 58 

22 1.0 47f 53 

2.9 1.0 47g 86 

47h 7 9 

g 

h 

49 84i. J 

51 91k 

1 

20 47h 5 8 52 27m 

5.4 1.8 471 98 

1.1 n 
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Table 8 (Cont.) 

^ Th+Cl04~ (0.8 mmol) and phenol (0.4 mmol) were used in all runs 
except 9 and 11. ^ All products except 3 9 , 4 6 , 4 7 , 4 9 , 5 1 and 5 2 
were assayed by GC on column B. ^ These compounds were separated 
as described in the Experimental Section, i Th+-Cl04- (0.8 mmol) and 
phenol (0.2 mmol) were used. £-From this reaction, N-t-butylacet
amide (2.5%) was also obtained, f 32% of 42j was recovered. S-33% of 
42k was recovered, h- 33% of 421 was recovered, i 5-(5-t-Butyl-2-
hydroxyphenyl)thianthreniumyl perchlorate (49) was obtained. 

i 3.5% of 42n was recovered. 1̂  The bis(thianthreniumyl) perchlorate 

(51) was obtained rather than 49 . 

CIO, 
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Table 8 (Cont.) 

14.3% of 42o was recovered, ni The bis(thianthreniumyl) perchlorate 
(52) was obtained admixed with 47h. 

ax) 2C10> 

S 
52a 

n From this reaction, 49% of 4-acetamido-2-t-butylphenol (39), 63% 

of N-t-butylacetamide (37a), 11% of quinonoid (46) and 18% of 

unused 42q were obtained. 

OH 

tBuNHCOMe 
37a 

tBu 

NHCOMe 
39 

tBu 
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Table 9: iR NMR Signals of 5-Arylthianthreniumyl Perchloratesa 

CIO, 

Compound Ri R2 R3 R4 R5 

4 7 a 

4 7 b 

4 7 c 

4 7 d 

4 7 e 

4 7 f 

4 7 g 

4 7 h 

4 7 1 

4 6 a b 

49c 

51ad 

H 

H 

R 

H 

H 

R 

H 

R 

H 

H 

H 

H 

tBu 

Me 

iPr 

Cl 

Br 

F 

R 

tBu 

Allyl 

tBu 

tBu 

tBu 

O I 

(M 

CH 

(M 

CM 

OH 

CH 

CH 

CH 

R 

H 

H 

tBu 

Me 

iPr 

Cl 

Br 

F 

R 

H 

H 

tBu 

H 

Th+ 

H 

H 

H 

H 

H 

H 

H 

H 

H 

OH 

CH 

OH 
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Table 9 (Cont.) 

4 7 a 4 7 b 4 7 c 4 7 d 4 7 e 

R2 

R-l(9) 7.95 7.95 8.07 7.99 7.99 
dd 7.81, 1.59 7.74, 1.63 7.79. 1.51 7.68, 1.65 7.75, 1.55 

H-2(8) 7.85 7.85 7.96 7.90 7.89 
td 7.57. 1.59 7.56, 1.55 7.59, 1.55 7.54, 1.63 7.52, 1.60 

H-3(7) 7.75 7.75 7.87 7.81 7.80 
td 7.53, 1.66 7.51, 1.70 7.53, 1.67 7.44, 1.73 7.42, 1.72 

H-4(6) 8.22 8.18 8.28 8.32 8.30 
dd 7.64, 1.60 7.61, 1.59 7.59, 1.71 7.75, 1.45 7.68, 1.63 

Rl 7 .10 
s 

1.27 
s 

6.37 
s 

6.92 
s 

2.13 
s 

7.15 
s 

7.11 
s 

e 

7.27 
s 

7.11 
s 

5.45 
s 

7.28 
s 

f R3 

R4 =R2 =R2 =R2 

R5 =Ri =Ri =Ri =Ri =Ri 
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Table 9 (Cont.) 

4 7 f 4 7 g 4 7 h 471 4 6 a 

H-l(9) 7.98 7.95 7.96 8.06 7.96 
dd 7.82, 1.65 7.78, 1.51 7.82, 1.58 7.73, 1.81 7.71, 1.77 

R-2(8) 7.90 7.86 7.86 7.96 7.85 
td 7.53, 1.63 7.50, 1.55 7.51, 1.55 7.53, 1.58 7.08, 1.59 

H-3(7) 7.81 7.77 7.77 7.87 7.76 
td 7.45, 1.76 7.44, 1.68 7.52, 1.66 7.46, 1.71 7.50, 1.67 

H-4(6) 8.33 8.23 8.21 8.32 8.24 
dd 7.64. 1.65 7.62, 1.59 7.56, 1.66 7.73, 1.51 7.72, 1.62 

Rl 

R2 

R3 

R4 

R5 

6.83 
dd, 5.82. 1.66 

f 

= Rl 

6.93 
d. 9.60 

7 .12 
d. 9.02 

8 .10 
s 

= R2 

= Ri 

7 .10 
d, 2.50 

1.23 
s 

8.21 
s 

6 .94 
d. 8.64 

7.05 
dd. 2.62 

7.14-7.03g 

Allylb 

8.31 
s 

7.14-7.03g 

7 .14-7 .03g 

6.48 
d.2.26 

1.10 
s 

7 .59 
d. 2.12 

1.34 
s 

f 
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49 5 1 a 

H-l(9) 
dd 

H-2(8) 
td 

H-3(7) 
td 

H-4(6) 
dd 

Rl 

R2 

R3 

R4 

7.96 
7.68. 1.62 

7.86 
7.61. 1.55 

7.76 
7.54, 1,67 

8.24 
7.73, 1.57 

6.58 
d, 2.20 

1.10 
s 

7.58 
dd. 8.62. 2.32 

7.07 
d, 8.62 

7.94 
7.66. 1.64 

7.86 
7.53, 1.51 

7.75 
7.46. 1.69 

8.21 
7.78. 1.37 

6.76 
s 

0.90 
s 

= Ri 

i 

Rs 
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Table 9 (Cont.) 

a.lH NMR spectra were recorded with a 200-MHz Bruker instrument. 
CD3CN was used as solvent and chemical shifts (8) were recorded 
with respect to tetramethylsilane. bji^The structures are as follows: 

tBu 
49 

51a 

e i-Pr; 8 :3.28, sept, J = 6.82, (CH3)2CH-; 8 :1.17, J = 11.30. t Not 
observed. ^Pooriy resolved. ^ CH2=CR-C_H2-, 5 : 3.36, d, J = 6.48, 
CR2=CH-CR2-, 8 : 5.93, m, CH2=CH-CH2-, 8 : 5.06, m, Jcis = 10.09, 
Jtrans = 16.94, Jgem = 1-69. i R4 is a 5-thianthreniumyl group and its 
signals are the same as those tabulated under R-l(9)-R-4(6). 
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Table 10: iR NMR Signals of Quinonoidsa 

Compound Ri R2 Chemical Shifts (8) 

4 8 a 

4 8 b 

4 8 c 

4 8 d 

4 8 e 

4 8 f 

4 8 g 

t-Bu 

Me 

i-Pr 

Cl 

Br 

H 

t-Bu 

Me 

i-Pr 

Cl 

Br 

H 

7.75 (m, 2H), 7.52 (m, 6H), 7.09 
(s, 2H), 1.40 (s, 18H) 

7.77 (m, 2H), 7.54 (m, 6H), 7.12 
(s, 2H), 2.24 (s, 6R) 

7.77 (m, 2R), 7.52 (m, 6H), 7.04 
(s, 2H), 3.54 (m, 2H), 1.16 (d, 12H) 

7.83 (m, 2H), 7.64 (m, 4H), 7.53 
(m, 2H), 7.44 (s, 2H) 

7.83 (m, 2R), 7.64(m, 6H), 7.53 
(m, 2H) 

7.84 (m, 2R), 7.62 (m, 6H), 7.08 
(d of d, J = 5.72, 3.50 2H) 

7.80 (m, 2H), 7.59 (m, 4H), 7.48 
(m, 2H), 7.25 (d, J = 9.08, 211), 6.85 
(d, J = 9.18, 2H) 
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9 3 

4 8 h t-Bu R 

481 Allyl H 

7.80 (m, 2H), 7.58 (m, 6H), 7.25 (d, 
J = 2.84, IH), 7.16 (d of d, J = 8.98, 
2.79, IH), 6.85 (d, J = 8.98, IH), 
1.40 (s, 9H) 

7.81 (d of d, J = 7.39, 1.57, 2H), 
7.57 (m, 4H), 7.44 (d of d, J = 7.67, 
1.75, 2H), 7.23 (d of d, J = 9.01, 
2.87, IH), 7.16 (d, J = 2.82, IH), 
6.81 (d, J = 8.96,1H), 6.01 (m IH), 
5.06 (m, Jcis = 9.69, Jtrans = 17.19, 

•'gem 
2H) 

= 1.93, 2R), 3.41 (d, J = 6.74 

46b 

50C 

5 l d 

8.06 (d of d, J = 7.19, 1.93, 2H), 
7.80 (d of d, J = 7.50, 1.58, 2H), 
7.61 (m, 4H), 7.23 (d, J = 2.44, IH), 
6.24 (d, J = 2.58, IH) 1.29 (s, 9H), 
1.08 (s, 9H) 

8.04 (m, 2H), 7.67 (m, 6H), 7.32 
(d of d, J = 8.78, 2.36, IH), 6.72 (d, 
J = 8.84, IR), 6.53 (d, J = 2.34, IH), 
1.17 (s, 9R) 

7.91 (d of d, J = 7.84, 1.22, 4H), 
7.85 (d of d, J = 7.91, 1.29, 4H), 
7.71 (td, J = 7.62, 1.41, 4H), 7.57 
(td, J = 7.60, 1.35, 4H), 6.77 (s, 2H), 
0.94 (s, 9H) 

52e tBu Th+ 8.17 (m, 2H), 7.89 (m, 2H), 7.70 
(m, 12H), 7.16 (d, J = 2.78, IH), 
6.21 (d, J = 2.74, IH), 1.17 (s, 9H) 
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Table 10 (Cont.) 

2.1R NMR spectra were recorded with a 200 MHz Bruker instrument. 
CDCI3 (48a-c, 48g and 50), CDCI3/CD3CN, v/v, 7 : 1 (48d-f, h and 1), 
CDCI3/CD3CN, v/v, 1 : 6 (46) and CD3CN (51 and 52) were used as 
solvent, and chemical shifts (8) were recorded with respect to 
tetramethylsilane. hz^ The structures are as follows; 

CIO, 
CIO. 
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Table 11: Yields of Products of Reactions of Th+-C104- with 

Di-t-Butylbenzenes. 

R2O 
•- i—^ 53 + Th + ThO 

Runa 53 Productsb, % 

Rl R2 5 3a 5 3b Th ThO 

1 5 3 a tBu H 80 49 44 

2 5 3 b H tBu 90 51 41 

aTh+-Cl04" (0.8 mmol) and 53 (0.4 mmol) were used in each run. 
^ All products were assayed by GC on column B. 



CHAPTER 3 

RESULTS AND DISCUSSIONS 

Reactions of Semicarbazones 
with Cation Radicals 

Recently, Shine and co-workers^ reported that cation radicals 

caused the oxidative cycloaddition of arylhydrazones and oximes to 

nitriles. In addition to that, the oxidative cyclization of 

arylhydrazones of chalcones and benzalacetones to form pyrazoles in 

acetonitrile solution was also studied. 

These observations led to an interest in the study of reactions 

of semicarbazones (17) with cation radicals. Since 17 are 

electronically and structurally analogous to hydrazones (7) and 

oximes (9) as shown in Scheme I, it was expected that 17 would 

undergo cycloadditions similar to those of hydrazones. 

Scheme I 

Ar-CH=N-NH-CO-NH2 

17 
Ph-CR=N-NH-Ar R-CH=N-OH 

Th""-
RCN 

'' 

Th""-
RCN 

/ ^ \ .N 
Ph—C^ N-Ar R—C O 

\ / + 2Th + 2H-̂  \ / + 2Th + 2Ĥ  
N=C^ N=C 

R ^R 
96 
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Reactions of semicarbazones (17a-f) with Th+- and TDBPA+-

were carried out in nitrile solvents. Oxidative cycloaddition to the 

solvents was not detected. Instead, intramolecular cyclization 

occurred. The two-electron oxidation of 17 would be expected to 

generate a cationic intermediate, a nitriliminium ion (22), capable of 

undergoing internal attack by either oxygen or nitrogen to yield an 

oxadiazole (19) or triazolinone (20), respectively, as shown in 

Scheme II. 

Scheme II 

O 
Ar-CH=N-NH-(I!-NH2 

17 

[Oxidation], -H"" 

O 
Ar-CH-N=N-(1!-NH2 

22 

O-attacl N-attack 

H-̂  4-
Ar—C 

\ 

^ ^N 

NH^ 
19 

Ar— C ^ ^NH 

HN (. 
O 

+ H-̂  

20 
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Results 

The results of the cation-radical reactions are listed in Table 1 

(Th+-) and Table 3 (TDBPA+-). Table 1 shows that 19a-f were formed 

in moderate yields, whereas 20 were formed either not at all or in 

small amounts. The reactions, furthermore, were slow (except for 

that of 17f) and unreacted semicarbazone was frequently recovered. 

Oxidation of 17 by Th+- leads to the formation of Th, and this is listed 

in Table 1, too. Table 1 lists thianthrene 5-oxide (ThO), but its 

formation is not related to the cyclization reaction. Instead, the ThO 

stems from the reaction of Th" -̂ with water (equation 55) that was 

present in the incompletely dried solvent and/or was added during 

the work-up procedure. 

2 Th-^- + H2O • Th + ThO + 2H-̂ -. (55) 

Table 3 lists only the oxadiazoles (19) as cyclization products; 

the triazolinones (20) were not formed in reaction with TDBPA+-. 

Oxidation by this cation radical ion leads to the amine TDBPA, and 

that was also assayed in yields listed in the Table 3. 

Reactions with TDBPA-*"- were faster than those with Th-*-- and 

went to completion. Thus, the products 19 were formed in higher 

yields. These differences between the results with the two cation 

radicals can be attributed to the higher redox potential of TDBPA+-

(1.50 V) than of Th+- (1.30 V). The peak potentials from the 

irreversible cyclic voltammograms of 17a-fare listed in Table 12.8 3 
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They are in accord with our qualitative observations of the 

difference in action of the two cation radicals. It is also 

understandable why 17f (Ep 0.74 V) was oxidized so easily by Th+-. 

Reactions of 17a-e with Th-*-- were faster in the presence of the 

poorly nucleophilic base 2,6-di-t-butyl-4-methylpyridine (DTBMP). 

This observation indicated that an oxidation step was enhanced by 

prior deprotonation. Nevertheless, in some cases (17a, 17c) 

oxidation was again incomplete and unused 17 was recovered. The 

reactions of 17d and 17 e were unexplainably poor both in the 

absence (Table 1) and presence (Table 2) of DTBMP. The presence of 

DTBMP led also to the formation of a third product, a sulfilimine 

(41). This product was formed in isolable amounts only in reactions 

of 17a and 17b, although it was observed in the other cases by TLC. 

Formation of product 41 was obviously attributable to reaction 

of first-formed 19 with Th+-. This reaction was validated separately 

by carrying out the direct reactions of 19a and 19b with Th"*--, and 

the results are listed in Table 4. 

The yields of all compounds listed in Tables 1-4 were assayed 

by GC and/or preparative TLC. For this purpose authentic compounds 

were needed. Compounds 19a-f and 20a-e were prepared by 

literature methods^9-52, 74-76 and had satisfactory DIP-MS and IR 

NMR spectra, and satisfactory melting points with the exception that 

the melting point of 19f was not in agreement with that in the 

literature (see the Experimental Section). 
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The Formation of Oxadiazoles (19) and 
Triazolinones (20) 

Scott and co-workers53 have discussed whether an oxadiazole 

(19) or triazolinone (20) should be formed from oxidation of a 

semicarbazone with bromine in acetic acid solution, as shown in 

equations 42-44. It was proposed that the hydrazidic halide [18, 

ArC(Br)=NNHC0NH2] could undergo either elimination to yield a 

nitrilimine (21) or ionization to yield a nitriliminium ion (22), 

depending upon the pH of the medium. Accordingly, they proposed 

that in solutions containing a base (e.g., acetate ion) or water 19 was 

formed from 1,5-dipolar addition within 2 1 . In contrast, in 

anhydrous acetic acid competitive nitrogen and oxygen attack at the 

carbonium ion center of 22 led to 20 as the major and 19 as the 

minor product. 

Hammerich and Parker46 oxidized semicarbazones anodically. 

In solvent acetic acid/sulfuric acid, only 19 was formed, whereas in 

solvent acetic acid/acetic anhydride/sulfuric acid, only 20 was 

formed. In neither solvent were both 19 and 20 formed. The 

difference in results was attributed to the intervention of water that 

was suppressed in solutions containing acetic anhydride. It was 

proposed that 20 was formed from the nitriliminium ion (22) by N-

attack while, possibly, 19 was obtained from the enolic form [23a, 

ArC(OH)=NNHCONH2] of an aroyl semicarbazide [ArC(0)NHNHC0NH2 

23] , generated by hydration of 22 as shown in equation 45. Since the 

anodic oxidations were carried out under strongly acidic conditions, 
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the effect of water could not be that of a base acting on the 22 to 

produce the nitrilimine, 2 1 . Therefore, the route to 19 that had been 

proposed by Scott^3 ,^as ruled out. 

Our results have a bearing on the mechanisms that Scott has 

proposed. Oxadiazoles were formed from reactions with Th" -̂ both in 

presence and absence of DTBMP (Table 1 and 2). This observation 

suggested that the cation radical reactions might involve the 

competitive cyclization of nitrilimine (21) and nitriliminium ion (22) 

intermediates, because, use of DTBMP led to increased amounts of 

19, and hence possible involvement of increased amounts of 2 1 . To 

distinguish between the 21 and 22 routes, the formation of the 

oxadiazoles was studied in more detail. In one of these studies we 

sought more direct evidence for the possible presence of a 

nitri l imine. 

Nitrilimine intermediates are well known to undergo pericyclic 

1,3-dipolar cycloaddition to the nitrile group of alkyl and aryl 

nitriles.8"^ However, when diphenylnitrilimine (55) reacted with 

acrylonitrile, cycloaddition occurred at the vinyl rather than nitrile 

group. That is, instead of forming a 5-vinyl-l,2,4-triazole, this 

reacrion gave 5-cyano-l,3-diphenyl-2-pyrazoline (56, equation 

56).85 
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Cl 
Ph-t=N-NH-Ph 

54 

Et3N + - + -
—^ • Ph-C=N-N-Ph + EtsNHCl 

55 

P h - C N-Ph 

CH2=CH 

YN 

.N 
P h - C ^ N-Ph 

5 6 CN 
(56) 

In another example, Gladstone oxidized some aldehyde 

hydrazones (57) with lead tetraacetate in acrylonitrile solution. The 

5-cyano-pyrazolines (58) were obtained, which on further oxidation 

gave 5-cyano-pyrazoles (59) (equation 57).^^ Here, too, cycloaddition 

occurred at the vinyl rather than at the nitrile group. 

R-CH=N-NH-Ar ^^^^^^^^ ^ R-C=N-N-Ar 
57 

59 

-AcOH 

Pb(0Ac)4 

CH2=CHCN 

58 

(57) 
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The reason for these results is that the nitrile group lies below 

the vinyl group in dienophile activity.8 4 

With the idea of seeking evidence for a nitrilimine (21) 

intermediate in the semicarbazone oxidations, reaction of 17a with 

Th"*-- in acrylonitrile was carried out. The reasoning was that if 21 

was formed in a semicarbazone reaction, use of acrylonitrile might 

cause the cyclization reaction to give way to cycloaddition and lead to 

a pyrazoline rather than to oxadiazole or triazolinone. Oxidation of 

17a by Th"*"- in both aceto- and acrylonitrile, however, gave only 19a 

and small amounts of 20a (Table 1). 

In order to probe further the possibility of forming a 

nitrilimine intermediate, oxidation of 17a with lead tetraacetate was 

studied. It had already been shown that oxidation of 17a by lead 

tetraacetate in acetic acid had given 19a.51 Therefore, oxidation of 

17a was carried out with lead tetraacetate in acrylonitrile. Again, 

however, only 19a was found (Scheme III). It is concluded that in 

oxidation of semicarbazones by cation radicals (and lead tetraacetate) 

a nitrilimine intermediate was not formed, or if it was formed, it 

resisted the anticipated intermolecular cycloaddition to the solvent 

nitriles. 
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Scheme III 

Ph-CH=N-NH-C-NH2 

17a 

Pb(OAc)4/CH2=CHCN 

O / \ N ^ 
.(^.NH. i \ ^ P h — C ' ^ N 

O - C ^ 
Pb(OAc)4/AcOH NH2 

19a 

In another attempt, to distinguish between routes that 

involved 21 and 22, reactions of 17a with Th"*"- were carried out in 

acetonitrile in the presence of successively increasing amounts of 

70% perchloric acid. The reasoning was that if 21 and 22 were in 

competition for cyclization, this increase in perchloric acid should 

increase the relative amount of 22 and lead the reaction toward 2 0 

rather than 19. However, the perchloric acid had little effect on the 

relative amounts of 19 and 20 that were obtained (Table 5). If 

anything, though, the relative amount of 19 was increased rather 

than decreased. But, the reactions of Th"*"- with 17a were faster in the 

presence than in the absence of perchloric acid. That is, whereas in 

reactions in the presence of perchloric acid the color of Th"*"- faded 

within one day, it persisted for five days in reactions in the absence 
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of perchloric acid. We were much puzzled as to why the cation 

radical disappeared so quickly (relatively) but without much effect 

on the results. Since 70% perchloric acid was used, it was thought 

that the water in the acid might be the reason for the color of the 

cation radical to disappear so much faster. If this were correct, ThO 

should have been obtained in large amounts. However, the yield of 

Th from these reactions was 94-98%, meaning that water had not 

rapidly reacted with Th"*"- to give Th and ThO. To confirm this result, 

the reaction of Th-*-- (0.8 mmol) with 70% perchloric acid (10 mmol) in 

acetonitrile was carried out. The cation radical color did not 

disappear in 2 days, and the reaction mixture was worked up as 

usual. Th (0.41 mmol, 51%) and ThO (0.39 mmol, 49%) were obtained. 

The products came from the reaction of Th"*"- with water that was 

added in the workup procedure. Thus, it was shown that the reaction 

of water that was part of the perchloric acid with Th"*"- could not have 

been responsible for the fast reactions in the presence of the acid. 

Another possible pathway in which water might have 

enhanced the cyclization reaction is the hydration of 22, as suggested 

by Hammerich and Parker.46 This is shown in Scheme IV. 



Ph-CH=N-NHC0NH2 

17a 

.N 
P h - C ^ N T H 

NĤ  

-H"", -H2O 
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Scheme IV 

2Th''-

-H^ 
- • Ph-C=N-NHC0NH2 + 2Th 

22 

.N 
P h — C ^ N-H 

\ / 

NH2 

j ^ . O : v ^ C = 0 , 

. N ^ 
P h - C ' ^ N 

NH 
19a 

H2O (in HCIO4) 

OH 
Ph-(l:=N-NHCONH2 + H"̂  

23a 

o ft 
11 

Ph-C-NH-NHC0NH2 

23 

To study the possible role of water, reactions of 17a with Th"*"-

were carried out in acetonitrile in the presence of added water. In 

two experiments the addition of water caused the disappearance of 

the color of Th+- within one day, and the oxadiazole (19a) was 

formed in high yield. Only a trace of 20a was formed. The results are 

given in Table 6. Very small amounts of ThO were obtained along 

with 90-92% of Th. This is particularly noteworthy in run 2 in which 
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15 mmol of water was used, that is nearly 20 times the amount of 

Th+-. This suggests that the added water reacted with 22 rather than 

with Th"*"-, and led to the cyclization path to the oxadiazole (19). 

Therefore, these results support the premise that 19 is formed 

through intermediate 23a. 

In order to gain some more insight to the mechanism of the 

cation radical reactions, anodic oxidations of 17a-f and 19a-d, f 

were studied.^3 Oxidations were carried out in three solvent systems: 

acetonitrile, acetonitrile containing 2,6-di-t-butylpyridine (DTBP), 

and a mixture of acetonitrile and acetic acid in a 4:1 ratio by volume. 

The results showed that anodic oxidation of a semicarbazone in 

acetonitrile begins with two, one-electron oxidation steps. These 

steps carry the semicarbazone to oxadiazole (19), that undergoes 

further oxidation, as shown with data from the anodic oxidations of 

the 19. 

When anodic oxidation was carried out in acetonitrile 

containing DTBP, the second one-electron wave disappeared. That is, 

oxidation proceeded immediately to a single two-electron peak, at a 

potential almost identical with that of the first peak of oxidations in 

acetonitrile alone. It is evident that the first one-electron oxidation of 

a semicarbazone in this system is followed rapidly by deprotonation 

and that this is coincident with the second one-electron oxidation. 

In oxidations in acetonitrile/acetic acid (4:1) the separation of 

the one-electron peaks of the acetonitrile system was also destroyed. 

The two peaks merged into one that was distorted, showing in some 
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cases the overlapping inflections of the two waves. Coulometry with 

17a-c showed that the merging corresponded also with two electron 

oxidation. It is concluded that the solvent acetonitrile/acetic acid 

causes a shift of the first oxidation wave toward higher potential. 

It now becomes necessary to try to combine the observations 

of the anodic study with those from the cation radical reactions. In 

the latter, two one-electron oxidation steps must be accommodated. 

They must allow for formation of 19 (mostly) and 20, and they must 

incorporate the effects of added DTBMP, of added water, and of 

added 70% HCIO4. The following schemes are proposed, using Th"*"- as 

the oxidant. 

Scheme V-A 

AiCH=NNHCONH2 

OH 
I + 

Th + ArCH—NNHCONH2 

61 

-H^ 

Ar—C 
\ / 
O: C = 0 H^ 

H NH2 
62 

Th""-
- ^ ArCH—NNHCONH2 + Th 

HoO i 
t 

17 

2. 

+. 

OH 
TVi"*"' t 

-« ArCH—NNHCONH2 + H^ 
60 

Ar — c ' ^ N-H 
\ / 

O —C-OH 
I 
NH2 

63 

H-̂  A r - C ^ N 

O — C \ 

19 
NH^ 
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Scheme V-B 

+ • Th^- A . _ ^ ^ ^ 1 Ar—C' N-H ArCH—NNHCONH2 ^ ^ / + Th + H"" 
17^ H2N-C^ 

22 

' ' 

AT—C'^ NH 
\ / 

HN—C^ 
20 

Scheme V shows how 19 is formed in a succession of two one-

electron oxidations, interposed, however by hydration (step 2) of the 

semicarbazone cation radical (17"*"-). Loss of a proton at this stage 

leaves a neutral radical (60) that is oxidized again by Th+- (step 3) 

which leads (step 4) to the enol (61) in which cyclization occurs. 

Step 2 is shown as being reversible. The effect of added base 

(DTBMP) would be to enhance the formation of the neutral radical by 

preventing reversibility of step 2. Further, the effect of added 

DTBMP may be to cause the almost simultaneous oxidation and 

deprotonation steps 3 and 4. That is, in the presence of DTBMP 

oxidation would go rapidly in an apparent single two-electron step to 
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the enol. This would also describe the observations with added base 

in the anodic oxidations. 

Added water would increase the probability of hydration (step 

2). Of course, the effect of adding 70% HCIO4 should be a contradiction 

of possibilities. Increased acidity would reverse while increased 

water would enhance step 2. Within this Scheme must be fitted the 

possible formation of 20. Our proposal for that is the competitive 

oxidation of 17"*"- before hydration occurs, giving the nitriliminium 

ion 22 that closes to 20. 

The difference in formation of 19 and 20 that shows up here is 

that in the formation of 19, cyclization occurs by nucleophilic attack 

of "added" OH on the carbonyl group, whereas in forming 20 the 

nucleophilic group (NH2) is one of the original components of 17. 

Some unexplained features in our results remain. In particular, 

one question that remains to be answered is why only 17a gave 

enough of 20 (20a) to be isolable. Also remaining unanswered is the 

question of why some reactions gave poor yields of 19 (e.g., runs 3-

6, Table 1). These questions can be answered possibly only after 

further research. It is evident that the hydration route to 19 could 

be tested with use of l^o-labeled water. 
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Formation of Sulfilimine (41) 

In the presence of DTBMP, some reactions led also to small 

amounts of a third product. Elemental analysis and mass 

spectrometric data indicated that the product was the sulfilimine 

(41). In earlier workl5a, 26, 27 jt had been shown that sulfilimines are 

formed when ammonia, and primary and secondary alkylamines 

react with 10-phenylphenothiazine-, 10-methylphenothiazine- and 

thianthrene cation radicals in acetonitrile solution. 

Therefore, it appears that when an oxadiazole (19) has been 

formed in the present work, further reaction with Th"*"- may occur at 

the amino group of 19. 

To test this possibility, the direct reactions of both 19a and 

19b were carried out with Th"*"- in acetonitrile. The reactions were 

slow and incomplete. From each, however, a product identical with 

that obtained in the reaction of the corresponding semicarbazone 

with Th"*"- in the presence of DTBMP was formed. A reasonable 

pathway to 41 is shown in Scheme VI. 

Nucleophilic attack of the amino group of 19 occurs on Th" -̂ to 

give the radical intermediate 64, and this is followed by a second 

oxidation by Th+- to generate 65. Loss of a proton gives the 

sulfilimine (41). 
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In the absence of DTBMP, 41 was not formed. The reasoning 

about this is that the 19 that is formed can be protonated by the 

protons generated from the reaction of Th+- with the semicarbazone. 

Therefore nucleophile attack of the amino group of 19 on Th"*"- is 

prohibited. In the presence of DTBMP, however, protonation of 19 is 

avoided and reaction can proceed as shown in Scheme VI. 
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Since the reactions of 19a-b with Th"*"- were slow, the reactions 

were carried out in the presence of DTBMP. The yields of sulfilimine 

was not improved, however. The possibility of protonation of 19a 

rather than DTBMP could be ruled out, because the pKa of 19a87 is 

2.3 and of DTBP88 (2,6-di-t-butylpyridine) is 3.58. From these 

reactions, the poor sulfilimine formation was unexplanable. 

Conclusions 

In conclusion, we have found that reaction of cation radicals 

with semicarbazones causes their oxidative, intramolecular 

cyclization into corresponding oxadiazoles as the major product along 

with small amounts of triazolinone (only 20a). 

When the reactions were carried out with Th"*"-, the reactions 

were very slow and gave moderate yield of oxadiazoles. However, 

when TDBPA"*"- was used instead of Th+-, the reactions occurred faster 

and gave better yields of oxadiazole. Reaction of Th"*"- with 17a in the 

presence of HCIO4 and of water occurred more rapidly and gave the 

oxadiazole in good yield. It is thought that formation of an oxadiazole 

goes through the formation of an intermediate enolic form of an 

aroyl semicarbazide. Furthermore the reactions of Th"̂ - with 

semicarbazones in the presence of DTBMP, were fast and caused the 

formation of a third product, a sulfilimine, which was confirmed with 

the direct reactions of oxadiazoles with Th"*"-. 
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Reactions of Phenols with 
Thianthrene Cation Radical 

Chemical and anodic oxidations of phenols have been under 

intensive study. Especially, as indicated in equations 46-54, the 

anodic oxidation of 2,4,6-tri-substituted-phenols has been the 

subject of extensive studies. In earlier work, Suttie^ and Popp^ 

reported that the anodic oxidation of 2,4,6-tri-t-butylphenol (42a) in 

acetonitrile gave a 5,7-di-t-butyl-2-methylbenzoxazole (34a), 

equation 52. In a subsequent study, Ronlan and Parker6l showed 

that in the presence of a nucleophile, e. g., water, methanol, and 

acetate ion, anodic oxidation of 42a gave 4-substituted-

cyclohexadienones (25), equation 46. 

In 1974, Shine and co-workers^ found that phenol and some 

ortho-substituted phenols reacted with Th"'"-C104" to give 5-aryl

thianthreniumyl perchlorates, equation 54. 

These observations led to an interest in studying the reaction 

of Th"'-Cl04- with other phenols in nitrile solvents. It has been found 

that the oxidative cycloaddition products, benzoxazoles analogous to 

34a, were obtained as the major products from the reactions of 

2,4,6-trisubstituted phenols in which t-butyl substituents occupied 

the 2- and/or 6-positions. In contrast, substitution in the aryl ring 

occurred in reactions of mono- and 2,6-disubstituted phenols, leading 

to the formarion 5-arylthianthreniumyl perchlorates (47a-l , 49 , 51 , 

52). Use of Th"*'-C104" gave, of course, Th as the major redox-partner 
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product. Small amounts of ThO, and Th02 were also formed. 

Authentic compounds N-t-butylamides (37a-c), 

2-acetamido-4-t-butylphenol (38), 4-acetamido-2-t-butylphenol 

(39), 2,5-di-t-butyl-p.-benzoquinone (40) were prepared by 

methods in the literature and had satisfactory GC-MS and iR NMR 

spectra, elemental analyses and melting points. The melting point of 

compound 39, both isolated and synthetic, did not agree with that in 

the literature. The yields of products were assayed by GC-MS and/or 

preparative TLC. Results are given in Tables 7 and 8. 

It should be noted here that the formation of ThO is not related 

to the main reactions, but stems from the reaction of Th+-C104-, 

equation 55, with water that either remained in the incompletely 

dried solvent or was added in workup procedure. 

The formation of Th02 is unusual in reactions of Th+-Cl04". 

Kim89 has reported that small amounts of Th02 were formed when a 

solution of Th"*"-C104" in acetonitrile was boiled under reflux in 

presence of air. Sugiyama and Shine^^ also found out small amounts 

of Th02 in reactions of Th"*"-C104~ with diethylmercury under oxygen. 

On the other hand, Th'+"-C104- in acetonitrile at room temperature does 

not appear to react with O2. Thus, in these and other reactions of 

Th"*"-Cl04-, oxygen transfer occurs to a small extent, but in an 

unknown way, because small amounts of air must be present when 

reactions are carried out in argon-flushed vessels. 



116 

First, we turn to the reactions of 2,4,6-trisubstituted-phenols 

containing two or three t-butyl groups. The results are listed in 

Table 7 and shown in Scheme VII. 

Scheme VH 

2Th +. 
- ^ -

RCN 

O OR 
tBu. JL jBu Rl' 

+ tBuNHCOR + tBuOH + Me2C=CH2 + Th (+ ThO) 
37 44 45 

Reactions of 2.4.6-Trisubstituted Phenols 

Scheme VII shows that phenols of type 42a-c give a 

benzoxazole (34), involving the incorporation of solvent (RCN) in and 

loss of the t-butyl group from the phenol. The ejected t-butyl group 

is found in one of the three products 37, 44 and 45. Table 7 records, 

for the most part, substantial amounts of these products along with a 

high yield of 34. Scheme VII shows also the formation of the 

quinone (35) and a phenol (43) that lacks a t-butyl group from the 

o.-position. Relatively small amounts of the last two products were 
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formed, however. In principle, the sum of yields of products 3 7 , 4 4 

and 45 should be close to the sum of yields of products from which a 

t-butyl group had been removed. That is the sum of 34 ,35 and 4 3 

in runs 1-3 and of 34 and 43 in runs 4-6 should balance the sum of 

37, 44 and 45. That is seen to be reasonably the case in runs 1-4. 

The ratios in runs 5 and 6 (0.63 each) are unexplainablely low, as 

are, in fact, the low absolute yields of products from the phenol. 

Table 7 reports the formation of a benzoxazole (34R) in which 

migration rather than loss of a t-butyl group has occurred (run 6). 

Formation of Benzoxazole (34) 

We are interested in understanding how the benzoxazole (34) 

is formed, how its formation in the cation-radical reaction is relatable 

to other oxidation reactions of similiar phenols reported in the 

literature, and also how the formation of the minor products fit into 

our understanding. We will also want to compare benzoxazole 

formation from type 42 phenols with the reactions of the other 

phenols which we have studied. It is evident that in the course of 

forming 34 (and 35) the phenols 42 must undergo a net two-

electron oxidation and nucleophilic attack. Broadly, there are two 

ways in which a reaction such as this can be formulated. One of these 

is a sequence of electron transfers that ends in the cation 69. The 

sequence might follow an EEC or ECE route as shown Scheme VIII. 

Because proton transfers between oxygen and nitrogen (solvent) are 

rapid, it is probable that an ECE path prevails. 



Scheme VIII 

118 

tBu 
Th""-

OH 
R i v X ^ t B u 

R2 66 

Th 

Th +. 

Th + 

tBu 
-H" 

O 

i-'V 
tBu 

R2 67 

- ^ -

tBu 

+ Th 

Insofar as we have been able to find oxidation potentials in the 

literature for some of the phenols and hydroquinone that we have 

used (Table 13),62, 91, 92 they show that the oxidations by Th+- (E1/2 

1.3 V vs SCE) would be feasible. 

A second route to the two-electron oxidation/nucleophilic 

attack could be analogous to the complexation mechanism for such 

reactions devised by Parker.42, 93 in this route, 42 and Th+- would 

form a complex that could either dissociate to give the cation radical 

66 (seen also in Scheme VIII), or could, itself, undergo further 

oxidation to form a dicationic complex, (42/Th)+2, Scheme IX. Parker 
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devised this type mechanism to account for the reaction of Th+- itself 

(and its analogs) with nucleophiles. Insofar as reactions with phenols 

42 are concerned, Th+- serves only as an oxidant, and does not 

undergo reactions itself with the phenols. Therefore, the dicationic 

complex would need to dissociate to give either 69, Th and a proton 

or, what amounts to the same thing, 68 (for which, see Scheme VIII). 

Scheme IX 

42 + Th" -̂ , (42/Th)"*--

(42/Th)"^- ^ - Th + 66 

(42/Th)-^- + Th+- . *" (42/Th)"*-2 + Th 

(42/Th)"^2 69 + H"̂  -h Th 

The reason for introducing the Parker-like route at this time is 

to be able to call upon it again in discussion of reactions of Th"*"- with 

other phenols besides the type 42 . 

The overall view that we shall adopt, then, is that the reactions 

of 42 can be interpreted on the basis that a cation 69 is formed. 

Popp and Reitz had invoked the formation of such a cation 

(69a-c) in the anodic oxidations of 42a in the presence of pyridine 

(equation 58).9 Both 70 and 71 were formed by attack of the 

pyridine nucleophile at ring positions of 69b and 69c. 
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By analogy, a benzoxazole (34) is formed by nucleophile attack 

of solvent RCN at the C-2 portion of 69. Alternative attack at the 

oxygen atom, shown in Scheme X with 42a, would have led to a 

benzisoxazole (e.g., 72). 
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In the reactions of type 42 phenols no product corresponding 

with attack of solvent RCN at the C-4 portion of 69 was found. This is 

in contrast with work of Popp and Reitz9 with 42a. The reason, we 

believe, is that attack at C-2 by RCN can lead eventually to an 

additional aromatic benzoxazole ring. In contrast, as shown with 42a 

in Scheme XI, attack at C-4 would lead to a cation (73) that has no 

internal stabilization. Consequently, it seems that formation of 7 3 

would be reversible. 

It should be noted, however, that small amounts of the quinone 

35 (Table 7) were, in fact, formed. We interpret the formation of 3 5 
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as involving attack of water that remained in the solvent on, for 

example, 69c (Scheme XI). This is dealt with in more detail later. 

Scheme XI 

tBu tBu 
2Th"'-

^ > 

tBu 

O 
tBu, X v̂ Bu 

tBu^^N=C-CH3 
73 

O 
tBu tBu 

H2O (in CH3CN) Y |l J + 2Th + H^ 

tBu' "OH 
74a 

To understand further the formation of a benzoxazole, reactions 

with propio- and acrylonitrile were carried out. Reaction of 42a with 

Th"*"- in acrylonitrile gave 5,7-di-t-butyl-2-vinylbenzoxazole (34c). 

The formation of 34c was confirmed by its hydrogenation to 

2-ethylbenzoxazole (34b). The 2-ethylbenzoxazole obtained in this 

way was found to correspond with 34b obtained from the reaction 

of 42a with Th+- in propionitrile (Scheme XII). 
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Reaction of 42a with acrylonitrile could then be related to 

other, known reactions with acrylonitrile to distinguish between 

nucleophilic and pericyclic routes to 34. As discussed before, 

pericyclic cycloadditions of acrylonitrile occur at the vinyl rather 

than at the cyano group (equations 56 and 57). Accordingly, a 

pericyclic route to benzoxazoles involving a neutral, dipolar 

intermediate, as shown in Scheme XIII can be ruled out. 
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The formation of benzoxazoles from phenols 42 can be 

represented, therefore, as shown completely in Scheme XIV. 

The cation radical 66 formed by an initial electron transfer from 4 2 

to cation radical undergoes successively loss of a proton and a second 

oxidation of 67 occurs to give intermediate 69d-f. Thereafter, the 

nitrogen atom of the nitrile will attack at the C-2 position and be 

followed by the formation of 34 and t-butyl cation. The latter was 

found, of course, as the products t-butanol, isobutene and N-t-

butylacetamide (by the Ritter reaction94). 
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Formation of the Quinone (35) 

2,6-Di-t-butyl-p.-benzoquinone (35, Scheme VII) was formed 

in reactions of 42a and 42b (Table 7), although in relatively small 

amounts. The source of the second ring oxygen atom in 35 is thought 

to be water that remained in incompletely dried solvent. Suggestions 

for the ways in which 35 is formed are given in Schemes XV and 

XVI. In each of these Schemes protonation steps are invoked, and the 

necessary protons are available in the course of the oxidation 

reactions. 

Scheme XV shows the reaction of 42a with Th"*"-. The 69c 

formed by two-electron transfer reacts with water, which was 

present in incompletely dried nitrile solvent, to give 74a. Thereafter, 

74a decomposes in the presence of acid, which was generated in the 

reaction, to give 2,6-di-t-butylhydroquinone (76). This, in turn, is 

further oxidized by Th"*"- to generate 78 and 35. 

In the reaction of 42b with Th"*"-, the formed 69g might react 

with water present in the solvent to give 74b. The acid generated 

from the reaction protonates the methoxy group of intermediate 

74b. Thereafter, the protonated methoxy group can easily be 

removed to give 35 (Scheme XVI). 
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Formation of the Phenols (43) 

Small amounts of a de-t-butylated phenol (43) were obtained 

from the reactions of 42a, 42c and 42d (Table 7). The most 

reasonable interpretation of these findings is the protonolysis of the 

phenol (42) itself. Scheme XVII. Protonolysis occurred only at a C-2 

position. That is, loss of the C-4 t-butyl group from 42a was not 

observed. The reasons for preferred attack at the C-2 carbon atom 

may be the relief it causes of steric encumbrance between the o.-t-

butyl and OH group and, also, in the case of 42c and 42d the easier 

loss of the t-butyl rather than of the methyl group. It must be 

assumed that in each of these cases (42a, 42c and 42d) protonation 
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at C-4 does occur, but must be reversible and not cause loss of the 

subst i tuent . 

Scheme XVII 
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Formation of the Benzoxazole 34R 

Reaction of 2-t-butyl-4,6-dimethylphenol (42d) gave a 

benzoxazole not of the usual kind (Scheme VII) but, surprisingly, one 

in which migration of the o.-t-butyl group had occurred. This 

benzoxazole is designated 34R to connote a rearrangement product, 

and the mechanism of its formation is shown in Scheme XVIII, Two-

electron oxidation of 42d leads to 79 and is followed by addition 

(80a) of the nitrile solvent. Thereafter 80a undergoes a 1,2-t-butyl 

shift rather than loss of the t-butyl group. This is followed by loss of 

a proton to give 34R. The structure of 34R was deduced from 

IR NMR spectroscopy and elemental analysis. 
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These data would not distinguish 34R from its isomer (34R*). 

However, 34R', would have to be formed by an uncommon 1,4-shift 

or an uncommon succession of 1,2-shifts. Therefore the product is 

shown as 34R rather than 34R'. No analogous 1,2-t-butyl group shift 

was found in reactions of the other phenols. Some speculation may 

be made about the reasons for this difference. From the reaction of 

42a, a 1,2-t-butyl group shift is not reasonable, because of the 

severe steric hindrance that would arise between the t-butyl group 

at C-4 and the t-butyl group migrating to C-3. Although migration in 

reactions of 42b and 42c would not have such severe steric 

hindrance, a rearrangement product was not detected. The reason 

may lie in the comparative resonance stabilizations of the ions 

involved. The intermediate 81 (from 42d) has higher resonance 

stabilization by hyperconjugation (81b, 81d, Scheme XIX-A) as 

compared with the intermediates (84, 86) that would be formed in 

the reactions of 42b-c (Scheme XIX-B). Therefore, in the reactions of 

42a-c, the t-butyl group will depart from the first cationic 

intermediates 83 and 85 instead of shifting to C-3. 
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The Behavior of 2.4.6-Trimethylphenol (42e) 

This phenol was the only one in the series that did not possess 

a t-butyl group. Its reaction with Th"*"- in acetonitrile was carried out 

to find if cycloaddition with acetonitrile would occur. From this 

reaction, only Th (97%), ThO (1.3%) and Th02(1.2%) could be found. 

In spite of extensive GC and TLC work, no product derived from the 

phenol could be identified, and the work was abandoned. Thus, 

although oxidation by Th+- (leading to almost 95% of Th) was 

virtually complete, the reaction remains unknown, and is not 

included in the tables. 



134 

The Behavior of 2.5-Di-t-butylhydroquinone (42f) 

Reaction of 42f with Th"*"-C104" was rapid and complete. 

However, from this reaction only 2,5-di-t-butyl-p.-benzoquinone 

(40) was obtained. Neither benzoxazole formation nor loss of a 

t-butyl group took place. 

Parker and Eberson95 have reported that the anodic oxidation 

of hydroquinone occurs by a two-electron process to give 

p.-benzoquinone. They proposed an ECE mechanism as being the most 

likely reaction pathway. 

It is probable that in the cation radical oxidation of 42f, proton 

losses occur very rapidly and before the nitrile can attack a C-2 

position. Therefore 40 is obtained instead of a cycloaddition product, 

as shown in Scheme XX. Once the radical 88 is formed the second 

electron removal should be very rapid and carry reaction on to 40. 
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Reactions of Disubstituted Phenols 

These phenols behaved quite differently (with two exceptions 

42q and 42r) in their reactions with Th"^-Cl04- from the phenols we 

have already discussed. It had been thought initially that 2,6-di-t-

butylphenol (42g) would form a benzoxazole, in a reaction analogous 

to those already described. Instead, substitution of a 5-thianthren-

iumyl group occurred in the para position of 42g with the formation 

of 5-(3,5-di-t-butyl-4-hydroxyphenyl)thianthreniumyl perchlorate 

(47a) in 91% yield, based on the phenol. This finding led to a study 

of analogous reactions with other 2,6-disubstituted phenols (42h-l) 

and phenol itself (42m), Table 8. In each case, a 5-aryl

thianthreniumyl perchlorate was formed. This type reaction is not 

new. In fact, the reaction of phenol itself with Th"*"-C104" was 

discovered by Shine and co-workers^ in 1974, and was, in part, the 

basis of the formulation by Parker42, 93 of the complexation 

mechanism of reaction (Scheme IX). The examples (42g-l) listed in 

Table 8 are new, however. 

It is probable that these reactions follow the complexation 

mechanism devised by Parker. This is shown with phenol (Ri = R2 = 

R3 = H) and 2,6-disubstituted phenols (R2 = H) in Scheme XXI. In this 

Scheme the dicationic complex (ArOH/Th)+2 (91) collapses into the 

sulfonium ion of product 47. In that way the fate of the complex is 

different from that which was considered in the reactions of 2,4,6-

trisubstituted phenols. The reason for the difference, of course, is the 

availability of an unsubstituted para-position in 42g-m. Therefore, 
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formation of 47 could occur rather than dissociation of the complex. 

Scheme XXI shows that one equivalent each of 47 and Th is formed 

from the 2 : 1 molar stoichiometry of reactants. That is, 50% of the 

Th"*"- should end up as Th and 50% in 47, while all of the 42 should 

be incorporated in 47. The results in Table 8 are reasonably in 

agreement with this stoichiometry for phenol (42m) itself and the 

2,6-dialkylphenols (Ri = R3 = t-Bu, Me and i-Pr, 42g, 42h and 421). 

In principle, no ThO and Th02 should formed, but small amounts 

were obtained in side reactions (run 1-3 and 7 in Table 8). Reactions 

of the 2,6-dihalogenophenols were slow and incomplete. 

Approximately 33% of each phenol was recovered. The unused Th"*"-

was converted into Th and ThO on work-up. Approximately 20% of 

ThO is recorded in runs 4-6 in Table 8 so that the amount of unused 

Th"*"- was about 40% (0.32 mmol) of the initial Th"*"-. Therefore, after 

allowing for the incomplete reaction, it is found that the 42 that did 

react was converted into 47 and Th with the correct stoichiometry. 

That is, the reactions of the 2,6-dihalogenophenols differed from the 

others (42g-l) only in the slowness of reaction. The slow reaction 

may be caused by the diminished electron density in the benzene 

ring, as a result of electron withdrawal, and reactivity toward 

electrophile, Th+-. Thus, the extent of association of the phenols with 

Th"̂ - would be decreased. In addition, the slower reactions may 

derive from the lowered rate of the second oxidation step. The 
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oxidation potentials of these phenols are not recorded in the 

literature but must be higher than analogous alkylphenols 

(Table 13). 

Scheme XXI 
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Reactions of Monoalkyl-Phenols 

When the reaction of 4-t-butylphenol (42n, 0.4 mmol) with 

Th'^-Cl04" (0.8 mmol) was carried out, the cation radical color 

disappeared within 30 minutes. However, after some further time 

the cation radical color appeared again. After 1 day of stirring, the 

reaction mixture was worked up as described in the experimental 

section. The product, which was presumed to be a 5-arylthianthren 

iumyl perchlorate had a iR NMR spectrum that was different from 

that of a typical member of that class. Furthermore, TLC resulted in 
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two spots. Therefore, two new reactions were carried out. First, 

reaction was carried out in the usual 2 : 1 ratio of reactants 

(Th"'"-C104" : 42n). The reaction mixture was worked up within 30 

minutes, by which time the cation radical color had disappeared. A 

5-arylthianthreniumyl perchlorate was isolated showing one spot in 

TLC and whose iR NMR spectrum was in accord with the structure 

49. Second, reaction was carried out in a 4 : 1 ratio (Th+-C104" : 42n). 

This time the iR NMR spectrum of the product corresponded with the 

bis(thianthreniumyl) monoperchlorate (51). The behavior of 42n is 

shown in Scheme XXII. 

Scheme XXII 
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When the reaction was carried out in the 2 : 1 ratio, the 

thianthreniumyl perchlorate 49 was formed, along with Th and 

HCIO4 (equation 59, Scheme XXII). In the 4 : 1 ratio, disubstitution 

occurred and ended in the bis(thianthreniumyl) diperchlorate (51a, 

equation 60) from which product 51 was obtained in the work-up 

procedure. Whether or not the complexation mechanism (Scheme 

XXI) can be applied to the sequence in Scheme XXII is a matter of 

conjecture. 

Scheme XXII helps us to understand the reappearance of the 

color of Th"*"- in the early 2 : 1 - ratio experiments with 42n. The Th 

and RCIO4 that are formed in the initial rapid reaction (equation 59) 

slowly regenerate Th"*"-Cl04", and this can lead in part, as shown, to 

the formation of some 51 admixed with the major product, 49. 

Reaction of 2-t-butylphenol (42o) with Th"*'-C104" was also 

carried out in the 2 : 1 and 4 : 1 ratios. In earlier work. Shine and 

co-workers^ reported that the reaction of 42o with Th"*"-C104", carried 

out in a 1 : 1 ratio gave the 5-arylthianthreniumyl perchlorate (47h). 

Reaction of Th"^Cl04" with 42o in the 2 : 1 ratio gave only one 

product (47h), even though the cation radical color disappeared and 

appeared again as described in case of 42n. Reaction in the 4 : 1 ratio 

gave a mixture of 47h (58%) and the bis(thianthreniumyl) mono

perchlorate 52 (27%). Product 52 was separated from the mixture 

by way of its lower solubility in methylene chloride/ether (v/v 

2 : 5), and had a satisfactory iR NMR spectrum. The relative amounts 

of 47h and 52 were calculated from comparison of the areas of the 
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signals of the C-6 proton (47h) with the average value of the areas 

of the signals of the C-3 and C-5 phenolic protons (52) in the iR NMR 

spect rum. 

Reaction of T h + C l 0 4 - with 2-Allylphenol (42p) in the 2 : 1 ratio 

was carried out, and only 47i was obtained in excellent yield 

(Table 8), even though the reappearence of cation radical color was 

also observed. Reaction in the 4 : 1 ratio was not carried out. 

Reaction of 2.4-Di-t-Butylphenol (42q) 

Surprisingly, in this reaction, 4-acetamido-2-t-butylphenol 

(39) was obtained as major product, along with N-t-butylacetamide 

and a small amount of quinonoid (46, Scheme XXIII). The 46 had a 

satisfactory iR NMR spectrum. No benzoxazole formation took place. 

To confirm the structure of 39, authentic samples of 2-acetamido-4-

t-butylphenol (38) and of 39 were synthesized. Authentic 38 and 

39 had satisfactory GC/MS and iR NMR spectra and melting points 

except that the melting point of the 39 (mp 146-147 ^C) did not 

agree with that in the literature (lit.81 mp 168-169 ^C). Elemental 

analysis of authentic 39 was satisfactory. 

The product obtained from the reaction of 42q with Th"*"- was 

identical with authentic compound 39. 
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Since this reaction gave the thianthrene substituted product 4 6 

along with 39, we could consider the complexation mechanism 

(Scheme XXIII), as discussed earlier (Scheme XXI). The formed 

dicationic complex might either be attacked by acetonitrile to give 

39, or lose a proton to give 46a. The acetonitrile is shown as having 

attacked the para rather than oitho.-position of the dicationic 

complex, to give 92, Th and a proton. However, the attack of 

acetonitrile at the para-position does not have the driving force 

toward cyclization that was referred to earlier in discussing 

benzoxazole formation and is unexplainable. The protonated 

intermediate 93 undergoes loss of a t-butyl group, and workup with 

water gives 39. Of course, the t-butyl group was found as N-t-butyl

acetamide. The formation of 46 from 46a occurred during the 

aqueous base solution workup procedure. It will discussed more fully 

later. Since the 46 is sterically very crowded, the formation of 3 9 

over 46 is favored. A possible mechanism for the formation of 3 9 

and 46 is illustrated in Scheme XXIII and the results are shown in 

run 13 (Table 8). 



1 4 2 

Scheme XXIII 

42q + Th""-

(42q/Th)-'- + Th 

(42q / Th)̂ ^ 

(42q / Th)̂ -

(42q/Th)^^ + Th 

tBu 
46a 

Base 

+ Th + H^ 

. N=C-CH3 
92 

H" 

X. u 
• " " 9 3 

^tBu 

N=C-CH3 

H2O workup 

tBuNHC0CH3 + 
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The Behavior of 3,5-Di-t-Bnfylphenol (42r) 

Reaction of Th+-Cl04- with 42r in acetonitrile was carried out to 

find whether a 5-arylthianthreniumyl perchlorate would be formed. 

The color of the cation radical persisted for over 3 days, and the 

reaction mixture was worked up as usual way. However, no 5-

arylthianthreniumyl perchlorate was found, possibly because of the 

steric hindrance by the C-3 and C-5 t-butyl groups. From this 

reaction, only Th (75%), ThO (10%) and Th02 (4.5%) could be found. 

In spite of GC and TLC work, no product derived from the phenol 

could be identified and the work was abandoned. Although a large 

amount of oxidation by Th+C104" must have occurred (leading to 

almost 60% of Th), the reaction remains unknown and is not included 

in the table. 

Reappearance of Thianthrene Cation 
Radical in Some Reactions 

When reactions were carried out in a 2 : 1 ratio (Th"*"-C104-/ 

42g-p) , the cation radical color disappeared rapidly. After some 

further time, however, the cation radical color reappeared, but no 

product was found other than the corresponding 5-arylthianthren

iumyl perchlorate (47). As discussed earlier, only the reaction of 

42n with Th"^^-C104" gave a mixture of mono- and bis(thianthren-

iumyl) perchlorates. The reappearence of the cation radical color 

came from the slow regeneration of Th+Cl04" , caused by the reaction 
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of Th and HCIO4 produced in the reaction of phenols with Th"'"C104", 

as shown in equation 59, Scheme XXII. 

Deprotonation of Sulfonium Salts (47) 

When sulfonium salts (47) were treated with aqueous base, the 

deprotonated compounds (48) were obtained (Scheme XXIV). 

Scheme XXIV 

OH 

Base 

Acid 

CIO. 
47 

To confirm the formation of 48, a UV study was performed. 

The spectra of 47 and the corresponding 48 were recorded 

separately. The solution of 47 was colorless, while that of 48 was 

yellow, and had an absorption band at 310-370 nm. Thereafter one 

drop of perchloric acid was added to the solution of 48, upon which 

the yellow color and the absorption band at 310-370 nm 

disappeared. The spectrum changed to that of the corresponding 47 
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The deprotonated products 51 and 52 were also obtained directly 

from the water workup procedure, without any further aqueous base 

treatment. When one drop of perchloric acid was added to solutions 

of 51 and 52, the spectra changed, and the band in the visible region 

disappeared. To confirm this observation, a solution of 51 was 

acidified with perchloric acid to provide the protonated compound, 

51a. The spectrum of 51a had no absorption band at 370 nm. When 

one drop of water was added to the solution of 51a, the spectrum 

changed to that of compound 51. Confirmation of the structures of 

compounds 47 and 48 was also obtained with iR NMR and IR 

(perchlorate band) spectroscopy, as well as, in most cases, elemental 

analyses. 

The names of compounds 48 are very cumbersome. For 

example, the name of 48a, provided by Chemical Abstracts, is 5-[3,5-

di- t-butyl-4-0X0-2,5-cyclohexadien-1-ylidene]-5,5-dihydro-

th ianthrene . 

Table 14 lists the deprotonated products that were isolated. 

Reactions of Di-t-Butylbenzenes 

Reactions of 1,3-di-t-butyl- (53a) and 1,4-di-t-butylbenzene 

(53b) with Th+-C104" were attempted, but most of 53a and 53b was 

recovered, along with Th and ThO. The Th and ThO were formed by 

the reaction of water which was added in the workup procedure, 

equation 55. Results are listed in Table 11. 
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Conclusions 

In conclusion, we have found that reactions of Th"*-Cl04- with 

2,4,6-trisubstituted-phenols with one or more t-butyl substituents in 

the 2 and/or 6-position caused their oxidative cycloaddition to the 

nitrile group of the nitrile solvents. Benzoxazoles were formed in 

high yield. From these reactions, 2,6-di-t-butyl-p.-benzoquinone and 

protonolysis products were also obtained in small amounts. However, 

reactions of mono- and 2,6-di-substituted phenols with Th"*--Cl04-

gave 5-(hydroxyaryl)-thianthreniumyl perchlorates. When 5-

(hydroxyaryl)-thianthreniumyl perchlorates were treated with base 

or water, deprotonation occurred and quinonoid compounds were 

obtained. The reaction of Th"'"-Cl04" with 2,4-di-t-butylphenol was 

atypical and gave 4-acetamido-2-t-butylphenol. Finally, Th"*'C104" 

caused oxidation of 2,5-di-t-butylhydroquinone to 2,5-di-t-butyl-p.-

benzoquinone in excellent yield. 
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Table 12: Oxidation Potentials of Semicarbazones (17)83 

Compounds 

1 7 a 

1 7 b 

1 7 c 

1 7 d 

1 7 e 

1 7 f 

XC5H4CH 

X 

H 

P-OCH3 

P-CH3 

m-N02 

p-Cl 

p-N(CH3)2 

=NNHC0NH2 

17 

Peak Potentials 
(Ep, V)a 

1.51 

1.28 

1.42 

1.68 

1.53 

0.74 

a In acetonitrile, measured againist a reference electrode of 
Ag/0.01 M AgNO3/0.10 M TBA"^BF4- and adjusted to the SCE scale by 
adding 0.30 V. The electrolyte was 0.10 M NaCl04. 
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Table 13: Oxidation Potentials of Phenols 

4 2 a 

4 2 c 

4 2 g 

4 2 m 

Rs 

Phenols 

Rl 

tBu 

tBu 

tBu 

H 

H 

OH 

R2 
42 

R2 

tBu 

Me 

H 

H 

O I 

f 

R3 

tBu 

tBu 

tBu 

H 

H 

Ep or Ei/2, va 

1.33b. c 

1.21d 

1.4ld 

1.34d 

1.12C. e 

a In 0.1 mM acetonitrile, 0.1 M LiC104 (0.1 M), vs. SCE except b and c. 
^ 1 mM in acetonitrile; 1 M tetramethylammonium hydroxide; glassy 
carbon electrode, vs. SCE. £ Peak potential, Ep. ^ E1/2. £• 2 mM in 
acetonitrile, 0.1 M tetraethylammonium perchlorate, vs. SCE. 
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Table 14: Quinonoids Obtained by Deprotonating 

5-Arylthianthreniumyl Perchlorates. 

O 
1 R2' 

II I B a s e 

Acid 

CIO. 

Runa 47 4 8 

Rl R2 

1 4 7 a tBu tBu 

2 4 7 b Me Me 

3 4 7 c iPr iPr 

4 4 7 d Cl Cl 

5 4 7 e Br Br 

6 4 7 f F F 

7 4 7 g H H 

8 4 7 h tBu R 

9 471 A l ly l H 

10 4 9 c 

l i b 5 l a d 

12b 5 2 a e 

13 4 6 a f 

4 8 a 

4 8 b 

4 8 c 

4 8 d 

4 8 e 

4 8 f 

4 8 g 

4 8 h 

481 

5 0 

5 1 

5 2 

4 6 
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Table 14 (Cont.) 

a. The 5-arylylthianthreniumyl perchlorates were treated with 

aqueous base except for runs 11 and 12. ^ The bis(thianthreniumyl) 

perchlorate ( 5 1 , 52) was obtained from the water workup, without 

further base treatment. ^ The structures of 49 , 50 , 51a, 5 1 , 52a , 

5 2 , 46a and 46 are as follows; 

Base ^ 

Acid 

Base 

Acid Y ^ ClÔ  

tBu 
51 

52a 

Base 

Acid 

O 
/ S ^ V 

tBu 

^ s , + ^ 004-

52 



CHAPTER IV 

CONCLUSIONS 

Reactions of Th" -̂Cl04" and TDBPA" -̂SbCl6" with semicarbazones 

in nitrile solvents caused their oxidative, intramolecular cyclization 

into the corresponding oxadiazoles as major products. It is thought 

that formation of an oxadiazole goes through the formation of an 

intermediate enolic form of an aroyl semicarbazide. Furthermore, the 

reactions of Th+-C104" with semicarbazones in the presence of DTBMP 

caused, in addition, the formation of sulfilimines. 

Reactions of Th+-Cl04" with 2,4,6-trisubstituted-phenols having 

one or more t-butyl substituent in the 2 and/or 6-positions led to 

their oxidative cycloaddition to the nitrile group of the solvent 

nitrile, and benzoxazoles were formed in high yield. However, 

reactions of mono- and 2,6-disubstituted-phenols with Th"*"-C104" 

gave 5-(hydroxyaryl)-thianthreniumyl perchlorates. When 

5-(hydroxyaryl)-thianthreniumyl perchlorates were treated with 

base or water, deprotonation occurred, and quinonoids were 

obtained. The reaction of Th+-Cl04" with 2,4-di-t-butylphenol gave 

4-acetamido-2-t-butylphenol. Reaction of Th"̂ --C104" caused oxidation 

of 2,5-di-t-butylhydroquinone to 2,5-di-t-butyl-p.-benzoquinone in 

excellent yield. 
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