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Purpose of this Investigation
The electron transfer reactions of thianthrene cation radical have been little
studied. Shine and Sugiyama were the first to observe that alkyl radicals were
formed by an initial electron transfer step in reactions of thianthrene cation
radical with organomercurials. '' The possibility that thianthrene cation radical
might efficiently trap the alkyl radicals, led to attempts to generate alkyl radicals
by the photolysis of azoalkanes in the presence of thianthrene cation radical at
room temperature. It was found, however that the azoalkanes which were chosen
reacted rapidly with thianthrene cation radical in the absence of light, leading to
the reduction of thianthrene cation radical.
The purpose of this study was to investigate the reactions of thianthrene cation
radical perchlorate with 1,4-diphenylazomethane, p,p'-dimethoxy-1,4-diphenylazomethane, azoadamantane and benzaldehyde phenylhydrazone. The objective of
studing the reactions of the azocompounds was to find If radicals could be generated
and trapped by thianthrene cation radical perchlorate; in these cases the radicals
would be: benzyl, p-methoxybenzyl and adamantyl. The objective of studing the
reactions of benzaldehyde phenylhydrazone was to test the validity of the mechanism
which had been proposed for the formation of a major product, a 1,2,4-triazole,
obtained from the reaction of thianthrene cation radical perchlorate with
1,4-diphenylazomethane.

Nomenclature

CIO

Thianthrene
(Th )
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Perchlorate

(
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Th*CIO^" )

II
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V /
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R-

azine

phenylhydrazone

N-R

dS^R"

I,3,5-Trisubstituted-I,2,4-triazole

N=N

IJ'-Rzoadamantane
(Rd-N=N-Rd )

9^

chfe

C=N-N=

Rdamantyl Methyl ketone azine
I fld-C(CH3) = N-N = C(CH3)-Rd 1

Rdamantyl Methyl ketimine
( fld-C(CH3) = NH )

General Review of the Thianthrene
Cation Radical Chemistry
In 1868, Stenhouse observed for the first time that thianthrene dissolved In
concentrated sulfuric acid, giving a purple solution; and that sulfur dioxide was
evolved in the process. The purple color was shown many years later to be caused
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by the thianthrene cation radical, to which thianthrene was oxidized by
concentrated sulfuric acid. 2 Thianthrene cation radical (Tht) was investigated
by esr spectroscopy by several scientists. 3-7 j h e correct identification of Tht
was made by esr in the period 1961 -62. 2 A five -line esr spectrum was obtained
from Tht. It was deduced that one of the two sets of four equivalent protons in Tht
was responsible for the five-line esr spectrum. The first reported esr spectra
could not distinguish which set of four equivalent protons was responsible for the
five lines. This problem was solved by taking esr spectra of appropriately
substituted thianthrene cation radicals. 3,9 Shine and Sullivan "10 reported a
complete esr analysis, including proton and naturally occurring 33$ hyperfine
splitting for Tht.
Thianthrene cation radical has been prepared by various methods. Some
oxidizing Bronsted acids are very good oxidizing agents for thianthrene.
Thianthrene has also been oxidized to its cation radical by methanesulfonic acid in
nitromethane,"! "I but the mechanism of this oxidation Is not known. A very common
method for the preparation of Tht is the oxidation of thianthrene by 70%
perchloric acid in carbon tetrachloride to give crystalline Tht CIO4'.
Lucken ^ and KInoshita ^ independently Isolated the crystalline perchlorate and
hexachloroantimonate salts of Tht. Alternatively, the perchlorate and
tetrafluoroborate were prepared by disproportionation of Th and ThO. "12 Shine and
Murata "• 3 prepared the salt of Tht containing l2Cl3" as the anion by the reaction
of thianthrene with iodine monochloride.
Most of the reactions of thianthrene cation radical so far studied have been
with nucleophiles. The nucleophilic attack takes place usually at the sulfur atom
(equation 1 ) and sometimes at a ring position (equation 2).

^

O-tO ^ ^"

+

Th

+

H

(1)

H

ato-

Nu
Th

+ 2H^^

(2)

Various reactions of thianthrene cation radical perchlorate with nucleophiles
have been studied, some of them kinetically. Shine and co-workers have studied
the reactions of thianthrene cation radical perchlorate with a variety of
nucleophiles such as water, "• 4'"15 chloride, "'S nitrite, "'S and nitrate lons,"'^
triphenylamine, "15 some vinyl monomers, 15 pyridine, 1^ ammonia, 1^ aromatic
compounds "• 3 and organometallics. "• ^ Reactions of thianthrene cation radical
perchlorate with ketones, 20-22 alkenes, 23 and alkynes 23 were also reported.
Three mechanisms have been considered for the reactions of thianthrene cation
radical with nucleophiles. 24 These mechanisms are designated as
disproportionation (equations 3 and 4 ), half-regeneration ( equations 5-7) and
complexation ( equations 8-10). In the disproportionation mechanism, the
dication is the reacting species, whereas in the other two mechanisms, the cation
radical Is the reacting species. The complexation mechanism and the
half-regeneration mechanism are very similar, except that in the former case, a n
complex is formed and co-valent bonding does not occur.
2 Tht

^

Th2+ + NuH

^ Th2+ + Th
> Products

—

(3)

—

(4)
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Tht + NuH

<

^ Th - NuHt

Th - NuHt + Tht <
+

Th - NuH+

^ Th - NuH+ + Th

^ Products

Tht + NuH <

(Th/NuH)t + Tht <

^

(6)
— (7 )

^ (Th/NuH)t

(Th/NuH )2+

—- (5)

(Th/NuH)2+ + Th

^ Products

—- ( 8 )
—- ( 9 )
— (10 )

The reaction of thianthrene cation radical with water was studied In detail.
The mechanism of the reaction with water turned out to be complex. Murata and
Shine "15, in an eariy work, found that the reaction was second order In Tht and
first order in water and proposed the disproportionation pathway.

Shortly

thereafter, Parker and Eberson 25 studied the reaction at various anode potentials
and found the reaction to be first order in water. However, they also found that
the reaction had to be directly between the cation radical and water, rather than
between the dication and water. Several years later, Evans and Blount 26 studied
the reaction in detail. They found that the reaction was second order in Tht and
third order In water and also inverse first order in acid. The proposed mechanism
and rate law are given by equations 11-15.
Tht + H2O <

'^

Th_0H2

f h _ 6 H 2 + H2O <

"^^

Th_OH + H3O+

Th_OH + Th_6H2

^

Th—OH + H2O

> ThO + H3O+

> Th—OH + Th + H2O

—

(11)

— (12)
— (13 )
—(14)

-d[ Tht ]/ dt = 2 kKi 2K2 [ Tht ]2 [ H2O ]3/ [ H3O+ ]

(15)

However, Parker and Hammerich 24 recently pointed out that the rate law
proposed by Evans and Blount was inconsistent with the mechanism
( equations 11-15) and claimed that the order in water could not be three but onl^
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one. Immediately after that, Hammerich and Parker 24 found that the reaction was
first order in water in presence of a base and an order approximately three in
neutral acetonitrile. The proposed mechanism for the hydroxylation reaction is
given by equations 16-19.

K
Tht + H2O <

• -»' "-•

Thu-0H2 -f B <

Th—OH2

^ >

—

Th—OH + B+-H

Thu-OH + Tht ^

^ ^ Th—OH + Th

ThL_OH + B — X

> ThO + B+_H

(16)
(17)

—(18)
(19)

Vieil et al. 27 have most recently provided an overall review of this problem.
They proposed that the hydroxylation reaction can be anywhere between first to
third order in water depending on the concentration of water.
Shine and Silber "13 found that the anisylation of Tht was second order in Tht,
first order in anlsole ( AnH ) and inverse first order in Th and proposed the
disproportionation mechanism. However, Parker, et al. 28 proposed the
complexation mechanism ( equations 20- 22 ) for the anisylation of Tht as an
alternative to the disproportionation mechanism. They found that Tht reacted
with anlsole to form a complex which reacted further by one of the two different
pathways depending on the concentration of Tht. At low concentration of Tht,
the reaction was first order with respect to both Tht and anlsole, due to
dissociative electron transfer in the complex. At higher concentration of Tht, the
reaction was second order with respect to Tht and followed another pathway
giving Th-An+.
Tht + AnH <

'^'

>

(Th/AnH )t

(Th/AnH )t + Tht ^ ^-^^ >

(Th/AnH ) 2+ + Th

(Th/AnH ) 2+ _ i ^ — > (Th_An )+ + H+
The following rate law was obeyed:
-d [ Tht ]/dt = 2 k3ki k2 [ Tht ]2 [ AnH ]/ ( k3/k.2 + [ Th ])

(20 )
— ( 21 )
— ( 22)
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Thianthrene cation radical also undergoes one-electron transfer reactions
(equation 23). 29
Tht + NuH c

^-

Th + NuHt

(23)

Electron transfer reactions of Th+ have been little studied. Shine and Sugiyama
for the first time observed the formation of alkyl radicals by an Initial electron
transfer step in the reactions of Tht CIO4- with organomercurials. "• Recently,
Shine and co-workers 29 found evidence for electron transfer in the reactions of
Tht 0104- with phenylazotriphenylmethane (PAT), azo-t-butane and Grignard
reagents. Alkyl or aryl radicals and cations were obtained by Initial electron
transfer steps.

Review of the Chemistry of Azoalkanes
The importance andrichnessof the chemistry of azoalkanes has become
apparent only during the past 15 years even though azoalkanes have been known
since 1909. 30 Azoalkanes undergo thermal or photochemical decomposition very
easily leading to the formation of alkyl radicals. For this reason, azoalkanes are
very convenient sources of radicals and biradicals. Azoalkanes are known to
undergo cis-trans Isomerlzation. 30

j h e /"max ^O"" ^h® cis isomer is always

longer and € is always higher than that for trans isomer. 31 One of the most
important characteristics of azoalkanes containing ©(-hydrogens is the
tautomerization to the corresponding hydrazones. 32a in general, azoalkanes are
less stable than the Isomeric hydrazones. The presence of acid strengthening
groups on an oc-carbon of azoalkanes or the actions of acid, base or free radicals
accelerate the tautomerization. 32a Tautomerization of azoalkanes containing
©(-hydrogens to more stable hydrazones Is a much more serious problem in the cis
isomer than it is in the trans isomer. 30
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Timberlake et al 33 found that the thermolysis of 1,4-diphenyl- azomethane at
170 OC gave bibenzyl, toluene and stilbene. These same products were obtained
before by Bickel and Waters. 34 At high temperature (270 ^C)
1,1'-azoada mantane undergoes thermal decomposition in solutions. 35 At ambieni
temperature, irradiation of azoadamantane causes the trans isomer to isomerize
into the cis isomer and the cis isomer decomposes to give radicals only if the
solution is warmed. 36 Engel and co-workers 36 reported that the photochemical
decomposition of azoadamantane In a number of hydrocarbon solvents gave
adamantane and biadamantyl.
The oxidative chemistry of azoalkanes is very little known. Very recently.
Shine and co-workers 29 reported the reaction of Tht CI04' with azo-t-butane and
phenylazotriphenylmethane. Oxidative decomposition of the azocompounds
occurred and products of both alkyl radicals and cations were obtained.

Review of the Chemistry of Arvlhvdrazones
Arylhydrazones are known to undergo numerous reactions. 32b

Hydrazones are

known to decompose both thermally and photochemically. Photolysis of
arylhydrazones causes either loss of nitrogen or the cleavage of the N-N bond.
Benzophenone hydrazone gives mostly diphenylmethane whereas with benzaldehyde
phenylhydrazone N-N bond cleavage occurs. 32b Similar results are observed in
the case of thermolysis of azines. An olefin is formed from benzaldehyde azine 37
whereas benzophenone azine gives imines and nitriles. 38 Arylhydrazones are
known to undergo both intra and intermolecular cyclization reactions.
Benzaldehyde phenylhydrazone reacts with arylazldes leading to a
2,5-disubstltuted tetrazole. 39
Oxidative chemistry of arylhydrazones Is well known. Mercuric oxide oxidizes
benzaldehyde hydrazones In ethanol to nitriles via a diazocompound. 32b
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Arylhydrazones of aldehydes react easily with atmospheric oxygen, forming
azohydroperoxides. ^0 j h e oxidation of osazones by copper sulfate leads to
2-aryl-1,2,3-triazoles, one phenyl group and Its attached nitrogen being lost. 4"'

CHAPTER 2
EXPERf^ENTAL SECTION

General Information
Spectroscopic Techniques
1H NMR spectra were taken on a Varian EM-360 Spectrometer. 1H NMR chemical
shifts were measured in ppm relative to tetramethylsilane. The following
notations are used for multiplicity: s - singlet, d - doublet, t - triplet, q - quartet,
m - multiplet, br - broad.
Quantitative analysis of products in a mixture by 1H NMR was made with the
use of an internal standard (CH2CI2 )• Calculations were made as follows:
'° = 's / ( P X ns ), where, P = Integration/proton/mmol; Is = Integration of the peak
of the Internal standard; p = number of protons for the peak of the internal
standard and ns = amount of the Internal standard (in mmol).
Hp = Ip / (|0 X p), where, np = amount of the product in mmol; Ip = integration of
the peak of the product and p = number of protons for the peak of the product.
Infrared (IR ) spectra were taken on a Nicolet MX-S FT-IR Spectrophotometer.
Mass spectra were taken on a Hewlett-Packard GC/Mass Spectrometer, Model
5995.

Chromatographic Techniques
Preparative-scale thin layer chromatography (TLC ) was carried out with
Merck 2-mm silica gel plates ( Silica gel 60 F254 , Cat. 5766).
Column chromatography was performed with Woelm silica gel, 30-70 ASTM
mesh, 0.2-0.5 mm (Cat no. 402809).
12
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Flash chromatography was performed with a Baker flash chromatography
system under nitrogen pressure. Baker silica gel for flash chromatography
(Cat no. 7024-1 ) was used.
Gas chromatography (GC) was carried with a Varian Model 3740 gas
chromatograph. In all cases a capillary column (SE 30, 25 ft.) was used. The
following conditions were used: injector temperature, 250 OQ; detector
temperature, 270 ©C; initial temperature, 35 OC; final temperature, 260 OC;
program rate, 10 oc/min; chart speed, 1 cm/min.
Quantitative analysis of products by gc was carried out with the use of
authentic compounds as internal standards. Calculations were made as follows:
concentration factor = (Aa x 1000) / (I x na) = Cp ( of authentic compound),
where, Aa = area of the peak of the authentic compound (obtained from gc
integration ); I = number of microliters injected and na = amount of the authentic
compound (in mmol/ml). Amount of the product (in mmol) = (Ap x V x 1000 ) /
(I x Cp), where, Ap = area of the peak of the product; V = total volume of the
product solution (In ml); I = number of microliters injected and
Cp = concentration factor for the authentic compound.

Elemental Analyses
All elemental analyses were performed by Micanal Laboratory, Tucson, Arizona.

Solvents. Reagents, and Purification Techniques
Acetonitrile (0.01% H2O, Eastman Kodak) was dried by distilling over
phosphorus pentoxide under argon prior to use. Carbon tetrachloride (NMR grade)
was used as obtained. All other solvents, unless otherwise specified, were
technical grades, distilled prior to use.
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Thianthrene (97%, Fluka) was purified by column chromatography on silica gel
using petroleum ether (40-60 OQ ) as eluent. Thianthrene was then recrystallized
from acetone.
All aldehydes, ketones, hydrazines, amines, and anhydrides were used without
further purification.
Azoadamantane was obtained from Prof. P. S. Engel of Rice University.
Methylmagnesium chloride ( 3M solution in tetrahydrofuran ), 1-aminoadamantane,
adamantyl methyl ketone and 1-adamantylcarbonitrile were obtained from Aldrich
Chemical Co.

Preparations
Thianthrene Cation Radical Perchlorate
To a solution of perchloric acid ( 0.50 ml, 72%) in acetic anhydride (33.0 ml)
was added a solution of thianthrene (1.00 g, 4.60 mmol) in carbon tetrachloride
( 66.0 ml). 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. Thianthrene cation radical perchlorate crystals were then dried in a
vacuum dessicator using high vacuum. This modification of Shine's "^^ procedure
yielded 1.30 g ( 3.90 mmol, 86%) of thianthrene cation radical perchlorate, which
was stored under vacuum for short periods before use.

Benzaldehyde /\zine
Benzaldehyde (53.0 g, 0.50 mol) and hydrazine hydrate (12.5 g,
0.25 mol) were boiled under reflux for six hours in ethanol (100 ml) containing
glacial acetic acid (5% by wt. of the amount of benzaldehyde). On cooling the
azine precipitated as yellow crystals. The crystals were collected by filtration
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and dried under high vacuum to give 83.2 g (0.40 mol, 80%) of the azine. The
azine was recrystallized from ethanol, giving mp 92-93 oC ( Lit. mp 93 oc 33,42).

N.N'-Dibenzvlhvdrazine
Benzaldehyde azine (8.3 g, 0.04 mol) was hydrogenated in a Parr hydrogenator
at 30 p.s.i at room temperature, using ether (150 ml) as solvent and 10%
Pd/Charcoal ( 5% by wt. of the amount of the azine) as catalyst. The
hydrogenation was continued overnight. The catalyst was then removed by
filtration. A colorless filtrate (solution of the hydrazine ) was obtained. This
solution was used for the preparation of 1,4-diphenylazomethane without further
purification.

1.4-Diphenylazomethane
To the solution of N,N'-dibenzylhydrazine (8.5 g, 0.04 mol) in ether, was added
yellow mercuric oxide ( 24.0 g, 0.12 mol). The reaction mixture was stirred for
24 hours at room temperature. After that the ether solution was filtered and dried
over anhydrous magnesium sulfate. Ether was then distilled off in a rotary
evaporator and 1,4-diphenylazomethane was obtained as a coloriess solid. The
yield of the azocompound was 4.2 g (0.02 mol, 50%). The azocompound was
recrystallized from methanol at room temperature, giving coloriess crystals,
mp 32-33 OC ( Lit. mp 32-34 OQ 33 )
1H NMR (CDCI3): cf : 7.35 (s, 10H, aromatic), 4.95 (s, 4H, -CH2- )•

p-Anisaldehvde Azine
p-Anisaldehyde azine was prepared by the same method described for the
preparation of benzaldehyde azine, using p-anisaldehyde (54.4 g, 0.40 mol) and
hydrazine hydrate (10.0 g, 0.02 mol). The yield of p-anisaldehyde azine was

16
80.4 g (0.3 mol, 75%). The azine was recrystallized from ethanol giving yellow
crystals, mp 170-171 oc ( Lit. mp 171 OQ 33).

4.4'-Dimethoxy-N.N'-dibenzylhydrazine
4,4'-Dimethoxy-N,N'-dibenzylhydrazine was prepared by the same method
described for the preparation of N,N'-dibenzylhydrazine, using p-anisaldehyde
azine (8.0 g, 0.03 mol) and 10% Pd/Charcoal (5% by wt. of the azine). A
colorless hydrazine solution in ether (150 ml) was obtained which was used
for the preparation of p,p'-dimethoxy-1,4-diphenylazomethane without further
purification.

p.p'-Dimethoxy-1.4-diphenylazomethane
p,p'-Dimethoxy-1,4-diphenylazomethane was prepared by the same method
described for the preparation of 1,4-diphenylazomethane, using a solution of
4,4'-dimethoxy-N,N'-dibenzylhydrazine ( 8.0 g, 0.03 mol) in ether and yellow
mercuric oxide (18.0 g, 0.09 mol). The azocompound was obtained as a coloriess
solid and the yield was 3.5 g (0.01 mol, 43%). The azocompound was
recrystallized from methanol at room temperature, giving mp 91-92 oc
( Lit. mp 92-93 oc 33,43 ).
1H NMR (CDCI3 ): cf : 6.85-7.35 (m, 8H, aromatic), 4.9 (s, 4H, -CH2-),
3.85 (s, 6H, -OCH3 ).

Benzaldehydp Phenvlhvdrazone
Benzaldehyde (21.2 g, 0.20 mol) and phenylhydrazine (32.4 g, 0.30 mol) were
boiled under reflux for four hours in ethanol ( 50 ml) containing glacial acetic
acid (5% by wt. of the amount of the aldehyde). On cooling the hydrazone
precipitated as a pale yellow solid. The hydrazone was collected by filtration and
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dried under high vacuum to give 36.0 g (0.18 mol, 92%). The hydrazone was
recrystallized from ethanol, giving mp 156-157 oc ( Lit. mp 156-158 oc 40).

N-Benzvlacetamide
Benzylamine (21.5 g, 0.20 mol) was added dropwise to a solution of acetic
anhydride ( 20.5 g, 0.20 mol) In ethanol (50 ml) at room temperature. The
reaction mixture was allowed to stir for about four hours. Then the amide was
extracted with methylene chloride (4 x 50 ml) and the solvent was distilled off
in a rotary evaporator to give a white solid. The white solid was dried under high
vacuum giving 21.5 g (0.14 mol, 72%) of the amide. The amide was recrystallized
from methylene chloride/pet. ether (40-60 o ) giving white crystals, mp 60-61 oc
(Llt.mp61 oc44),
"•H NMR (CDCI3 ): cT : 7.30 (s, 5H, aromatic), 4.35 (d, 2H, -CH2-),
1.95(s,3H,-CH3).

N-Benzvlpropionamide
N-Benzylpropionamide was prepared by the same method described for
N-benzylacetamide, using propionic anhydride (26.0 g, 0.20 mol) and benzylamine
(21.5 g, 0.20 mol). The yield of the amide was 22.5 g (0.14 mol, 69%). The
amide was recrystallized from methylene chloride/pet. ether ( 40-60 0 ) giving
white crystals, mp 51-52 oc ( Lit. mp 52-53 oc 45 ).
"•H NMR (CDCI3 ):6 :7.24 (s, 5H, aromatic), 4.30 (d, 2H, -CH2N-),
2.19 (q. 2H, -COCH2-), 1.10 (t, 3H, -CH3).
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1-Adamantylacetamide
1 -Adamantylacetamide was prepared by the same method described for the
preparation of N-benzylacetamide, using 1-aminoadamantane (0.8 g, 5.00 mmol)
and acetic anhydride (0.5 g, 5.00 mmol). The yield of the amide was 0.5 g
( 2.30 mmol, 46%). The amide was recrystallized from cyclohexane giving white
crystals, mp 147-148 oc ( Lit. mp 148 oc 46 ).

Adamantyl Methvl Ketone Azine
Adamantyl methyl ketone ( 0.5 g, 3.00 mmol) and hydrazine hydrate (0.1 g,
1.50 mmol) were boiled under reflux for seven hours in ethanol (50 ml)
containing glacial acetic acid (5% by wt. of the amount of the ketone). After
cooling, the reaction mixture was neutralized with sodium bicarbonate solution
and the azine was extracted with methylene chloride (4 x 30 ml). The methylene
chloride solution was dried over anhydrous magnesium sulfate and the solvent was
distilled off in a rotary evaporator to give 0.6 g (1.74 mmol, 58%) of the azine as
a white solid. The azine was recrystallized from ethanol giving white crystals,
mp 199-200 oc.
"•H NMR (CDCI3): 6:1.60-2.15 ( multiplet).
GC/MS: m/e: 352 (M+), 176 {Ad-C(CH3)=N, 100%}, 135 (Ad).

Adamantyl Methyl Ketimine
Adamantyl methyl ketimine was prepared by the general method of PIckard and
Tolbert 47 for the preparation of ketimines. To a stirred solution of
1-adamantylcarbonltrile (1.0 g, 6.00 mmol) in ether (50 ml) was added dropwise
a solution of methylmagnesium chloride containing 70 mmol of methylmagnesium
chloride. The reaction mixture was refluxed for fifteen hours. After cooling the
reaction mixture to room temperature, dry methanol ( 2 ml) was added dropwise
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and the mixture was allowed to stir for about one hour. A white solid precipitated
out and was removed by filtration to give a clear solution of the ketimine. The
solvent was distilled off in a rotary evaporator to give 0.4 g (2.40 mmol, 40%) of
the ketimine as a white solid. The ketimine had mp 142-143 oc.
GC/MS: m/e: 177 (M+), 162{ Ad-C(CH3)}, 135 (Ad), 42 (CH3-C=NH, 100%).
Reactions of Thianthrene Cation Radical
Perchlorate with Azocompounds
General Procedure
A solution of the azocompound In a nitrile solvent (10 ml) was added dropwise
by syringe to a stirred septum-capped, solution of Th+CI04- in the nitrile (10 ml)
under argon. Stirring was continued until all of the cation radical color had
disappeared (usually overnight). Water was then added and the reaction mixture
was neutralized with dilute sodium bicarbonate solution. The organic product
mixture was extracted repeatedly with methylene chloride and the methylene
chloride solution was dried over anhydrous magnesium sulfate. After filtering, the
solvent was distilled off in a rotary evaporator at room temperature. Then the
weight of the product mixture was taken, and the mixture was used for analysis
and separation of components.
Reaction of Thianthrene Cation Radical Perchlorate
with 1.4-Diphenylazomethane in Acetonitrile
The reaction was carried out using 0.315 g (1.00 mmol) of ThtCI04- and
0.118 g ( 0.56 mmol) of 1,4-diphenylazomethane in acetonitrile. The reaction was
carried out three times. The products were separated from the mixture by
preparative TLC, using methylene chloride as developing solvent and were
extracted from plate materials with methylene chloride and methanol. The
products and their yields obtained from one of the runs were: thianthrene (0.191 g
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0.883 mmol), thianthrene oxide (0.007 g, 0.030 mmol), bibenzyl (0.019 g,
0.105 mmol), N-benzylacetamide ( 0.090 g, 0.606 mmol), and 1-benzyl-3phenyl-5-methyl-1,2,4-triazole ( 0.036 g, 0.143 mmol). The yields of the
products for all the runs are given in Table 1.
Thianthrene and bibenzyl were obtained as a mixture from the preparative TLC
and could not be separated. Quantitative analysis of the amounts of thianthrene
and bibenzyl in the mixture was achieved with "I H NMR of the mixture using
methylene chloride as an internal standard. Also, the triazole and thianthrene
oxide were obtained as a mixture from the preparative TLC and were separated by
column chromatography, using methylene chloride/acetone (1:1 ) as eluent.
The identity of thianthrene and bibenzyl was confirmed by 1H NMR, gc/ms, gc
and comparison with authentic samples. Thianthrene oxide was identified by gc,
gc/ms and melting point.
N-Benzylacetamide was recrystallized from methylene chloride/pet. ether
(40-60 o ) giving, mp 60-61 oc ( Lit. mp 61 oc 44 ). j h e amide was identified
further by "• H NMR, gc and gc/ms.
1H NMR (CDCI3 ):cf : 7.30 (s, 5H, aromatic), 4.34 (d, 2H, -CH2-),
1.94 (s, 3H, -CH3).
The triazole was recrystallized from methylene chloride/pet. ether (40-60 o)
giving, mp 70-71 oc. The triazole was Identified by 1H NMR, gc/ms and elemental
analysis.
1 H NMR (CDCI3 ):6 :7.20-8.18 (m, 10H, aromatic), 5.30 (s, 2H, -CH2-),
2.42 (s, 3H, -CH3).
GC/MS: m/e: 249 (M+), 91 (C6H5CH2-. 100%), 77 (C6H5-)
Anal. Calcd. for C16H15N3: C, 77.08; H. 6.07; N, 16.85.
Found: C,76.81; H,6.00; N, 16.66.
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Tablel : Yields of Products of the Reactions of ThtCI04" with
1,4-Diphenylazomethane In Nitrile Solvents.

Solvents

Products (%)

(Nitrile)

Th

ThO

Bibenzyl

Amide

Triazole

CH3CNa

88.3

6.0

18.8

54.10

25.56

CHgCN^

90.0

5.3

19.9

55.70

24.1®

CH3CN^

89.6

7.2

17.2

53.5C

27.3®

C2H5CN'^

98.0

2.8

10.5

25.2^"

60.2^

C2H5CNb

97.1

3.9

9.9

27.1^

58.3^

a^ Triplicate runs. i2i Duplicate runs, c, N-Benzylacetamide.
iLN-Benzylpropionamide. a, 1 -Benzyl-3-phenyl-5-methyl-1,2,4- triazole.
LI -benzyl-3-phenyl-5-ethyl-1,2,4-triazole.
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Reaction of Thianthrene Cation Radical Perchlorate
with 1.4-Dinhenvla7nmPthane in Propionitrile
The reaction was carried out using 0.630 g (2.00 mmol) of ThtCI04- and
0.231 g (1.10 mmol) of 1,4-diphenylazomethane in propionitrile. The reaction
was carried out twice. The products were separated from the mixture by
preparative TLC, using methylene chloride as developing solvent and were
extracted from the plate materials with methylene chloride and methanol. The
products and their yields obtained from one of the runs were: thianthrene
( 0.423 g, 1.96 mmol), thianthrene oxide ( 0.007 g, 0.03 mmol), bibenzyl
(0.021 g, 0.116 mmol), N-benzylpropionamide (0.091 g, 0.555 mmol), and
1-benzyl-3-phenyl- 5- ethyl- 1,2,4-triazole ( 0.174 g 0.663 mmol). The
yields of the products for both the runs are given in Table 1.
Thianthrene and bibenzyl were obtained as a mixture from preparative TLC and
could not be separated. Quantitative analysis and identification of thianthrene and
bibenzyl in the mixture were achieved with the same methods as mentioned
earlier. The triazole and thianthrene oxide were also obtained as a mixture from
preparative TLC and were separated by column chromatography, using methylene
chloride/acetone (1:1 ) as eluent. Thianthrene oxide was identified by the same
methods as mentioned eariier.
N-benzylpropionamide was recrystallized from methylene chloride/pet ether
(40-60 0 ) giving, mp 52-53 oc ( Lit. mp 52-53 oc 45). The amide was identified
further by "• H NMR, gc and gc/ms.
1H NMR (CDCI3 ):S : 7.25 (s, 5H, aromatic), 4.30 (d, 2H, -CH2N-),
2.18 (q, 2H, COCH2-), 1.12 (t, 3H, -CH3 ).
The triazole was recrystallized from methylene chloride/pet. ether ( 40-60 0)
giving, mp 81 -82 oc. The triazole was Identified by "I H NMR, gc/ms and elemental
analysis.
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""H NMR (CDCI3 ):6:7.20-8.18 (m, 10H, aromatic), 5.30 {s. 2H, -CH2(benzyl group)}, 2.70 { q , 2H. -CH2-( ethyl group)}, 1.26 (t, 3H, -CH3 ).
GC/MS: m/e: 263 (M+), 91 (C6H5CH2-, 100%), 77 (C6H5-).
Anal. Calcd. for C17H17N3: C, 77.53; H, 6.50; N, 15.96.
Found: C, 77.41; H, 6.43; N, 15.93.
Reaction of Thianthrene Cation Radical Perchlorate with
p.p-Dimethoxy-1.4-diphenvlazomethane in Acetonitrile
The reaction was carried out using 0.630 g (2.00 mmol) of ThtCI04- and
0.270 g (1.00 mmol) of p,p'-dimethoxy-1,4-diphenylazomethane in acetonitrile.
The reaction was carried out three times. The products were separated from the
mixture by preparative TLC, using methylene chloride as developing solvent and
were extracted from plate materials with methylene chloride and methanol. The
products and their yields obtained from one of the runs were: thianthrene (0.425 g
1.96 mmol), thianthrene oxide (0.007 g, 0.03 mmol), p-anisaldehyde (0.020 g,
0.144 mmol), p-anisaldehyde azine (0.116 g, 0.431 mmol) and an unknown
product (0.021 g ). The unknown product had a melting point 238-245 oc (broad
range) and could not be Identified. The other products were identified by "'H NMR,
gc, gc/ms and melting point. A triazole was not obtained from this reaction. The
yields of the products are given In Table 2.
The azine was recrystallized from ethanol to give yellow crystals,
mp 169-170 oc ( Lit. mp 171 oc 33 ).
"> H NMR (CDCI3 ):6: 8.60 (s, 2H, =CH-), 6.80-7.85 (m , 8H, aromatic),
3.85 (s, 6H, -OCH3).
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Table 2: Yields of Products of the Reaction of ThtCI04- with
p,p'-Dlmethoxy-1,4-diphenylazomethane In Acetonitrile.

Run

Products( %)

Th

ThO

98.0

2.8

14.4

43.1

96.6

3.2

16.1

40.3

99.4

2.6

13.0

42.2

a^ p-Anisaldehyde. b^ p-Anisaldehyde azine.

Aldehyde^

Azineb
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Hydrolysis nf p-Anisaldehyde Azine
Perchloric acid ( 70%, 0.18 ml) was added dropwise to a stirred solution of
p-anisaldehyde azine (0.268 g, 1.00 mmol) In acetonitrile ( 20 ml) under argon.
Stirring was continued for 12 hours at room temperature. Water (20 ml) was
then added to the reaction mixture and the reaction mixture was neutralized with
sodium bicarbonate solution. The organic product mixture was extracted
repeatedly with methylene chloride and the solution was dried over anhydrous
magnesium sulfate. The solvent was distilled off In a rotary evaporator.
The products were separated by preparative TLC, using methylene chloride as
the developing solvent and were extracted with methanol. The products were
identified by "I H NMR, gc/ms and melting point. The products obtained were:
p-anisaldehyde (0.011 g, 0.082 mmol, 8.2%) and p-anisaldehyde azine (recovered,
0.243 g, 0.905 mmol, 90.5%).
Reaction of Thianthrene Cation Radical Perchlorate
with Azoadamantane in Acetonitrile
The reaction was carried out using 0.315 g (1.00 mmol) of ThtCI04- and
0.168 g ( 0.565 mmol) of azoadamantane in acetonitrile. The reaction was carried
out twice. GC of the solution of the product mixture in methylene chloride showed
seven products. The products were identified by gc, gc/ms and comparison with
authentic samples.
The products and their yields obtained from one of the runs were: thianthrene
(0.213 g, 0.985 mmol), thianthrene oxide (0.004 g, 0.015 mmol),
adamantylacetamide (0.196 g, 1.017 mmol), 1,1'-biadamantyl (0.005 g,
0.017 mmol), adamantyl methyl ketone (0.006 g, 0.031 mmol), adamantane
(0.23 mg, 0.002 mmol), and 1-adamantanol (0.50 mg, 0.004 mmol). The yields of
the products of all runs were determined by gc and are given in Table 3.
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Table 3 : Yields of Products of the Reactions of ThtCI04" with
Azoadamantane (AA) In Acetonitrile.

Reaction

Products (%)

Th

ThO

Amide^ Ketone^ Ad-AdO AdH^ AdOH^ AdBi^ Azine®

A^

97.2 3.5

88.9

5.7

3.4

0.3

0.7

A^

98.5 3.0

90.0

5.5

3.0

0.3

0.6

B

96.4 4.6

77.0

2.9

-

-

C

97.8 3.4

89.3

5.3

3.2

0.3

0.6

D

98.7 3.0

89.0

14.7

3.5

0.3

0.7

15.4
-

94.0

A,ThtCI04- + AA.
B^ ThtCI04' + AA in presence of bromotrichloromethane.
C. ThtCIOyj" + AA in presence of adamantyl methyl ketone azine.
D. ThtCIO/|" + AA In presence of adamantyl methyl ketimine.
a, Adamantyl acetamide. JQ^ Adamantyl methyl ketone, Q^ 1,1'-Biadamantyl.
d. Ad means 1 -adamantyl group. ^Adamantyl methyl ketone azine. L Duplicate runs.
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Reaction of Thianthrene Cation Radical Perchlorate
With Azoadamantane in Acetonitrile in Presence
of Bromotnchloromethane
The reaction was carried out by adding a solution of azoadamantane (0.168 g,
0.565 mmol) in acetonitrile (10 ml) to a solution of ThtCI04- ( 0.315 g,
1.00 mmol) and bromotrichloromethane ( 0.198 g, 1.00 mmol) In acetonitrile
(10 ml). GC of the solution of the product mixture in methylene chloride showed
five products. The products were identified by gc, gc/ms and comparison with
authentic samples.
The products and their yields obtained were: thianthrene ( 0.208 g,
0.964 mmol), thianthrene oxide (0.005 g, 0.023 mmol), 1-adamantylbromide
(0.019 g, 0.087 mmol), 1,1'-biadamantyl ( 0.005 g, 0.016 mmol), and
adamantylacetamide (0.168 g, 0.870 mmol). The yields of the products were
determined by gc and are given in Table 3.
Reaction of Thianthrene Cation Radical Perchlorate
with Azoadamantane in Acetonitrile in Presence of
Adamantyl Methvl Ketone Azine
The reaction was carried out using, 0.315 g (1.00 mmol) of ThtCI04" and
0.168 g (0.565 mmol) of azoadamantane In acetonitrile. When all of the cation
radical color had disappeared, a solution of adamantyl methyl ketone azine
( 0.020 g, 0.057 mmol) In acetonitrile (5 ml) was added to the reaction mixture
and stirring was continued for another 12 hours. GC of the solution of the product
mixture in methylene chloride showed eight products. The products were
identified by gc, gc/ms and comparison with authentic samples.
The products and their yields obtained were: thianthrene (0.211 g,
0.978 mmol), thianthrene oxide (0.004 g, 0.017 mmol), adamantylacetamide
(0.195 g, 1.009 mmol), l.l'-biadamantyl (0.005 g, 0.018 mmol) adamantyl
methyl ketone (0.005 g, 0.030 mmol), adamantane (0.23 mg, 0.002 mmol),
1-adamantanol (0.55 mg, 0.004 mmol), and adamantyl methyl ketone azine
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(recovered, 0.019 g, 0.053 mmol). The yields of the products were determined by
gc and are given In Table 3.
Reaction of Thianthrene Cation Radical Perchlorate
with Azoadamantane in Acetonitrile in Presence
Qf Adamantyl Methvl Ketimine
The reaction was carried out using, 0.315 g (1.00 mmol) of ThtCI04- and
0.168 g ( 0.565 mmol) of azoadamantane in acetonitrile. When all of the cation
radical color had disappeared, a solution of adamantyl methyl ketimine ( 0.010 g,
0.057 mmol) in acetonitrile ( 5 ml) was added to the reaction mixture and
stirring was continued for 12 hours. GC of the solution of the product mixture in
methylene chloride showed seven products. The products were identified by gc,
gc/ms and comparison with authentic samples.
The products and their yields obtained were: thianthrene ( 0.213 g, 0.987
mmol), thianthrene oxide (0.004 g, 0.015 mmol), adamantylacetamide (0.194 g,
1. 006 mmol), 1,1'-biadamantyl (0.005 g, 0.020 mmol) adamantyl methyl ketone
(0.015 g, 0.083 mmol), adamantane (0.26 mg, 0.002 mmol), and 1-adamantanol
( 0.60 mg, 0.004 mmol). The ketimine was not observed. The yields of the
products were determined by gc and are given in Table 3.

Hydrolysis of Adamantyl Methvl Ketone Azine
An attempt to hydrolyse adamantyl methyl ketone azine was made by the same
method described for the hydrolysis of p-anisaldehyde azine, using 0.352 g
(1.00 mmol) of the azine and 0.18 ml of perchloric acid ( 7 0 % ) in 20 ml of
acetonitrile. GC of the solution of the product mixture in methylene chloride
showed two products. The products were identified by gc, gc/ms and comparison
with authentic samples.
The products obtained were: adamantyl methyl ketone (0.043 g, 0.244 mmol),
and adamantyl methyl ketone azine (recovered, 0.296 g, 0.814 mmol). The yields
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of the products were determined by gc and data are given In Table 4 for two
attempts.

Hydrolysis of Adamantyl Methvl Ketimine
Adamantyl methyl ketimine was hydrolyzed by the same method described for
the hydrolysis of p-anisaldehyde azine, using 0.177 g (1.00 mmol) of the ketimine
and 0.18 ml of perchloric acid ( 70%) in 20 ml of acetonitrile. GC of the solution
of the product mixture in methylene chloride showed only one product. The
product was adamantyl methyl ketone ( 0.172 g, 0.968 mmol), Identified by gc and
gc/ms. The yield of the product was determined by gc and data are given in Table
4 for two runs.
Reactions of Thianthrene Cation Radical
Perchlorate with Hydrazones
General Procedure
A solution of the hydrazone in a nitrile solvent (15 ml) was added dropwise
by syringe to a stirred, septum-capped, solution of ThtCI04" in a nitrile solvent
(10 ml) under argon. Stirring was continued until all of the cation radical color
had disappeared (usually overnight). Water was then added and the reaction
mixture was neutralized with dilute sodium bicarbonate solution. The organic
product mixture was extracted repeatedly with methylene chloride and the
methylene chloride solution was dried over anhydrous magnesium sulfate. After
filtering, the solvent was distilled off In a rotary evaporator at room temperature
and the weight of the product mixture was taken. The product mixture was then
used for analysis and separation of components. A summary of products and
yields Is given In Table 5.
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Table 4 : Yields of Products of the Hydrolysis of Adamantyl Methyl Ketone
Azine and Adamantyl Methyl Ketimine In Acetonitrile.

Reaction

Products (%)

Ketone^

Azine'^

AO

12.2

84.1

AO

10.8

86.6

BO

96.8

BO

94.2

A, Hydrolysis of adamantyl methyl ketone azine.
B, Hydrolysis of adamantyl methyl ketimine.
3, Adamantyl methyl ketone, h, Adamantyl methyl ketone azine. Q, Duplicate runs.
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Table 5: Yields of Products of Reactions ThtCI04" with Benzaldehyde
Phenylhydrazone In Nitrile Solvents.
Solvent

Products (%)

(Nitrile)

Th

ThO

Th02

PhCHO

Triazole

CH3CNa

91.0

6.0

0.6

3.3

80.8^

CHgCN^

93.2

4.4

0.7

3.8

79.6t>

CgHgCN^

86.6

5.8

1.0

3.7

95.80

C2H5CNa

87.9

6.1

1.2

4.3

92.5^

CgHsCNa

89.2

6.8

1.5

9.3

74.7^

CgHgCNa

90.8

5.2

1.8

8.4

73.1^

CH2=CHCNa

92.2

5.4

1.3

11.9

75.0®

CH2=CHCN3

90.9

5.9

1.7

12.6

73.8®

a. Duplicate runs, h, 1,3-Diphenyl-5-methyl-1,2,4-triazole.
Q, 1,3-Dlphenyl-5-ethyl-1,2,4-triazole. d, 1.3.5-Triphenyl-1,2,4-triazole.
£, 1,3-Diphenyl-5-vlnyl-1,2,4-triazole.
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Reaction of Thianthrenp Cation Radical Perchlorate
With Benzaldehyde PhPnylhvdrazone in Acetonitrile
The reaction was carried out by using 0.630 g (2.00 mmol) of ThtCI04- and
0.196 g (1.00 mmol) of benzaldehyde phenylhydrazone in acetonitrile. GC of the
solution of the product mixture in methylene chloride showed five products.
The products obtained from workup were: thianthrene ( 0.393 g, 1.820 mmol),
thianthrene oxide ( 0.014 g, 0.060 mmol), thianthrene dioxide ( 0.002 g,
0.006 mmol), benzaldehyde ( 0.004 g, 0.033 mmol), and 1,3-diphenyl-5methyl-1,2,4-triazole ( 0.190 g, 0.808 mmol). The yields of the products were
determined by gc.
The products were separated from the mixture by preparative TLC, using
methylene chloride as the developing solvent and were extracted from the plate
materials with methylene chloride and methanol. The triazole and thianthrene
oxide were obtained as a mixture from the preparative TLC and were separated by
column chromatography, using methylene chloride/acetone (1:1 ) as the eluent.
The products were Identified by "I H NMR, gc, gc/ms and melting point.
The triazole was recrystallized from methylene chloride/pet. ether ( 40-60 o )
giving, mp 95-96 oc ( Lit. mp 95-96 oc 48,49).
"•H NMR (CDCI3): ci": 7.25-8.26 (m, 10H, aromatic), 2.56 (s, 3H, -CH3).
Reaction of Thianthrene Cation Radical Perchlorate with
Benzaldehyde Phenvlhvdrazone in Propionitrile
The reaction was carried out by using 0.630 g (2.00 mmol) of ThtCI04" and
0.196 g (1.00 mmol) of benzaldehyde phenylhydrazone in propionitrile. GC of the
solution of the product mixture in methylene chloride showed five products.
The products obtained from workup were: thianthrene ( 0.374 g, 1.732 mmol),
thianthrene oxide (0.014 g, 0.058 mmol) thianthrene dioxide (0.003 g,
0.010 mmol), benzaldehyde (0.004 g, 0.037 mmol), and 1,3-diphenyl- 5-
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ethyl-1,2,4-triazole ( 0.239 g, 0.958 mmol). The yields of the products were
determined by gc.
The products were separated from the mixture by preparative TLC, using
methylene chloride as the developing solvent and were extracted from the plate
materials with methylene chloride and methanol. The triazole and thianthrene
oxide were obtained as a mixture from the preparative TLC and were separated by
the same method as mentioned eariier. The products were identified by "IR NMR,
gc, gc/ms and melting point.
The triazole was recrystallized from methylene chloride/pet. ether (40-60 o)
giving, mp 76-77 oc ( Lit. mp 77 oc 49 ).
"I H NMR( CDCI3): cf : 7.25-8.26 ( m, 10H, aromatic), 2.86 (q, 2H, -CH2-),
1.35(t,3H,-CH3).
Reaction of Thianthrene Cation Radical Perchlorate
with Benzaldehyde Phenvlhvdrazone in Benzonitrile
The reaction was carried out using 0.630 g (2.00 mmol) of ThtCI04" and
0.196 g (1.00 mmol) of benzaldehyde phenylhydrazone in benzonitrile. GC of the
solution of the product mixture In methylene chloride showed five products.
The products obtained from workup were: thianthrene (0.385 g, 1.784 mmol),
thianthrene oxide (0.016 g, 0.068 mmol), thianthrene dioxide ( 0.004 g,
0.015 mmol), benzaldehyde (0.010 g, 0.093 mmol) and 1,3,5-triphenyl-1,2,4triazole (0.222 g, 0.747 mmol). The yields of the products were determined by gc
The products were separated from the mixture by flash chromatography, using
cyclohexane, methylene chloride/acetone (1:1) and methanol as eluents.
Cyclohexane separated thianthrene. The triazole and thianthrene oxide were
separated by methylene chloride/acetone (1:1). Methanol was used to separate
thianthrene dioxide. The products were identified by "• H NMR, gc, gc/ms and
melting point.
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The triazole was recrystallized from methylene chloride/pet. ether (40-60 o )
giving, mp 104-105 oc ( Lit. mp 103-104 oc 48,49).
Reaction of Thianthrene Cation Radical Perchlorate with
Benzaldehyde Phenylhydrazone in Acrvlonitrile
The reaction was carried out using 0.630 g (2.00 mmol) of ThtCI04- and
0.196 g (1.00 mmol) of benzaldehyde phenylhydrazone In acrylonitrile. GC of the
solution of the product mixture in methylene chloride showed five products.
The products obtained from workup were: thianthrene (0.398 g, 1.844 mmol),
thianthrene oxide (0.013 g, 0.054 mmol), thianthrene dioxide (0.003 g, 0.013
mmol), benzaldehyde ( 0.013 g, 0.118 mmol) and 1,3-diphenyl-5-vlnyl1,2,4-triazole ( 0.185 g, 0.750 mmol). The yields of the products were
determined by gc.
The products were separated from the mixture by preparative TLC, using
methylene chloride as the developing solvent and were extracted from the plate
materials with methylene chloride and methanol. The triazole and thianthrene
oxide were obtained as a mixture from the preparative TLC and were separated by
column chromatography, using methylene chloride/acetone (1:1 ) as the eluent.
The products were Identified by 1 H NMR, gc, gc/ms and melting point.
The triazole was obtained as a yellowish oily substance and was identified by
"IHNMR

andgc^ms.

1H NMR (CDCI3 ): cT: 7.35-8.34 (m, 10H, aromatic), 6.60 (m, 2H, =CH2),
5.65 (m, 1H. -CH=).
GC/MS: m/e: 247 ( M+), 194 ( Ph-C=N-N-Ph), 91 ( Ph-N, 100%). 77 (-Ph).
The identity of the triazole was further confirmed by its catalytic reduction to
1,3-dlphenyl-5-ethyl-1,2,4-triazole. The reduction was carried out in ethanol
(50 ml), using 0.099 g (0.400 mmol) of the triazole and 0.010 g of 10%
Pd/Charcoal catalyst. Hydrogen gas was passed to the stirred solution of the
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triazole from a balloon and the hydrogenation was continued for 24 hours at room
temparature. The catalyst was then removed by filtration and the solvent of the
filtrate was distilled off In a rotary evaporator.
GC of the hydrogenated product solution in methylene chloride showed only one
product. The product was identified as 1,3-dlphenyl-5-ethyl-1,2,4-triazole by "• H
NMR, gc/ms and melting point. Determination by gc gave 0.090 g (0.362 mmol,
90.5%) of the triazole, mp 77-78 oc (Lit. mp 77 oc 49).
1H NMR (CDCI3): cT: 7.26-8.27 ( m, 10H, aromatic), 2.88 (q, 2H. -CH2-),
1.36(t,3H,-CH3).
Reaction of Benzaldehyde Phenvlhvdrazone
with Acetonitrile In Presence of
Trifluoromethanesulfonic Acid
A solution of trifluoromethanesulfonic acid (0.150 g, 1.00 mmol) In
acetonitrile ( 1 0 ml) was added to a stirred septum-capped, solution of
benzaldehyde phenylhydrazone (1.960 g, 10.00 mmol) In acetonitrile (20 ml)
under argon. Stirring was continued for 20 hours at room temperature. Water
was then added and the reaction mixture was neutralized with sodium bicarbonate
solution. The organic products were extracted with methylene chloride and the
solution was dried over anhydrous magnesium sulfate. After filtering, the solvent
was distilled off In a rotary evaporator. GC of the solution of the product mixture
in methylene chloride showed three products. The products obtained were:
benzaldehyde phenylhydrazone (recovered, 1.500 g, 7.650 mmol, 76.5%),
benzaldehyde (0.155 g, 1.460 mmol, 14.6%) and 2,4,6-trimethyltrlazine, a trimer
of acetonitrile {Mass: m/e: 123 ( M + ) , 82 (two units of CH3 CN), 42 (CH3CN+H,
100%), 41 (CH3 CN)}. The yields of the products were determined by gc. The
products were identified by gc and gc/ms.

CHAPTER3
DISCUSSIONS
Reactions of Thianthrene Cation Radical Perchlorate
with 1.4-Diphenylazomethane ( DPAM )
DPAM reacted rapidly with ThtCI04- in acetonitrile and propionitrile solvents.
The products were thianthrene (Th ), thianthrene oxide (ThO), bibenzyl
(PhCH2CH2Ph), an N-benzylamide (PhCH2NHC0R; in which R corresponds with the
nitrile solvent, RCN ) and 1,2,4-triazoles (1 and 2). These products and their
yields are listed in Table 1. It was found that the products accounted for
94.3-101.0% of the ThtCI04- and 95.3-99.7% of the DPAM.
Among the products of these reactions, the triazoles were the most Interesting,
The source of the triazoles was benzaldehyde benzylhydrazone, a tautomer of
DPAM. Azoalkanes tautomerize easily to more stable isomeric hydrazones. 32a jn
the present cases, either the tautomerization occurred in solution prior to the
oxidation of DPAM or the oxidation of DPAM occurred first and then the cation
radical of DPAM tautomerized to the cation radical of benzaldehyde
benzylhydrazone. The hydrazone undergoes oxidative cycloadditlon to the nitrile
to form the triazole. The mechanism for the formation of the triazole Is shown
in Scheme 1.
The mechanism for the formation of the triazole as shown in Scheme 1 was
further confirmed by reacting ThtCI04" with benzaldehyde phenylhydrazone in
different nitrile solvents ( discussed later).
The sources of bibenzyl and N-benzylamide were benzyl radicals and benzyl
cations respectively. Benzyl radicals and benzyl cations were obtained from the
oxidative decomposition of DPAM by ThtCI04". The formation of bibenzyl and
N-benzylamide can be expressed by the equations 24-29.
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Benzyl radicals obtained as in equation 25 dimerize to give bibenzyl
(equation 26 ). Since benzyl radicals are relatively stable, dimerizatlon Is likely.
Some benzyl radicals are again oxidized Into benzyl cations (equation 27). Benzyl
cations react with the nitrile to form a carbocation as an intermediate

Th
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(equation 28) which then reacts, probably on workup, with water to give the
N-benzylamide (equation 29)
Tht + DPAM
(DPAM ) t
2 PhCH2-

>

Th + ( DPAM )t

> Ph CH2- + N2 + PhCH2+
> PhCH2-CH2Ph

PhCH2- + Tht

> PhCH2+ + Th

PhCH2+ + RC= N

> PhCH2- N = C+-R

PhCH2- N = C+-R + H2O

>PhCH2-NHC0R + H+

—- ( 24 )
-— ( 25)
—- ( 26 )
— ( 27 )
—- ( 28 )
- - (29)

Another possible mechanism for the formation of bibenzyl and N-benzylamide
Is the complexation mechanism ( equations 30-33 ). The Initial step is the
formation of a complex between ThtCI04- and DPAM (equation 30) which then
undergoes further oxidation to give a dication ( equation 31 ). Decomposition of
the dication generates benzyl cations ( equation 32 ). The competitive
decomposition of the monocationic complex generates benzyl radicals and benzyl
cations ( equation 33 ).
Tht + DPAM
(Th/DPAM ) t + Tht

> (Th/DPAM ) t
> (Th/DPAM )2+

( 30 )
( 31 )

(Th/DPAM )2+

> Th + 2PhCH2+ + N2

( 32 )

(Th/DPAM ) t

> Th + PhCH2- + N2 + PhCH2+

( 33 )

The equations 24-33 show that benzyl cations can be obtained In more than one
way, which indeed was deduced from the experimental results. If benzyl radicals
and benzyl cations were obtained as in either equation 25 or equation 33, there
would be equal numbers of benzyl radicals and cations, which means that the
number of mmol of N-benzylamide would be twice the number of mmol of bibenzyl.
But the experimental results show that the number of mmol of N-benzylamide is
much more than twice the number of mmol of bibenzyl. This Indicates that benzyl
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cations were obtained by some other way in addition to the way shown by equation
25 or 33. The additional benzyl cations were obtained either by the oxidation of
benzyl radicals ( equation 27 ) or by the decomposition of the dication of the
complex (equation 32).
Thianthrene oxide was obtained from the hydrolysis of ThtCI04" by
water. "• 5, 27 After the completion of the reaction, the excess ThtCI04" was
hydrolyzed during workup. The formation of thianthrene oxide can be expressed by
equation 34.
2 Tht + H2O

> ThO + Th + 2H+

( 34 )

It might also be possible that some of the ThtCI04" reacted with the small
amount of water present in the solvent to give thianthrene oxide.
Reactions of Thianthrene Cation Radical Perchlorate
with Benzaldehyde Phenylhydrazone
In order to confirm the mechanism for the formation of the triazoles shown in
Scheme 1, reactions of ThtCI04' with benzaldehyde phenylhydrazone were carried
out In different nitrile solvents. Benzaldehyde phenylhydrazone reacted rapidly
with ThtCI04". Oxidative cycloadditlon to the nitrile solvent occurred and the
expected triazoles 3a-d were obtained In high yields.

Ph—C^
\

N —Ph
/

N=:C

R

3a. R = -CH3 ;

3b, R = -CH2CH3 ;

3c. R = -C6H5;

3d. R = -CH=CH2
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The other products obtained were benzaldehyde, thianthrene ( T h ) , thianthrene
oxide (ThO) and traces of thianthrene dioxide ( T h 0 2 ) . These products and their
yields are listed in Table 5. It was found that in different nitrile solvents, the
products accounted for 94-99% of the ThtCI04- and 84-99.5% of the hydrazone.
The formation of the expected triazoles from the reaction of ThtCI04- with
benzaldehyde phenylhydrazone in different nitrile solvents confirmed the validity
of Scheme 1.
It may have been possible, however, that perchloric acid produced by the
hydrolysis of some of the ThtCI04-, caused the cycloadditlon 50 of the hydrazone
to the nitrile, forming a dihydrotriazole ( 4 ), which was then oxidized by ThtCI04"
to give the triazole ( Scheme 2 ) .
However, a dihydrotriazole could not be obtained when a solution of
benzaldehyde phenylhydrazone in acetonitrile was treated with a small amount of
non-oxidizing trifluoromethanesulfonic acid for several hours. Much of the
hydrazone was recovered along with benzaldehyde and 2,4,6-trimethyltriazine, a
trimer of acetonitrile. Thus Scheme 2 can be ruled out.
Formation of benzaldehyde can be attributed to the hydrolysis of the hydrazone.
The mechanism for the formation of thianthrene dioxide Is not clear. Shine and
co-worker "I previously reported the formation of thianthrene dioxide due to
oxygen transfer to thianthrene by hydroperoxy radicals. In the present reactions,
oxygen transfer might have occurred from an azo hydroperoxide, which can be
easily formed from the reaction of small amounts of oxygen present in the system
with the hydrazone. 32a, 40
The preparation of 1,2,4-triazoles has been reported eariier by Huisgen
et al. 48 and Conde and co-workers. 49 The triazoles were prepared by the
1,3-dipolar cycloadditlon of nitrilimlnes and nitriliminium ions to nitriles
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( Scheme 3 ). Nitrilimlnes and nitriliminium Ions are prepared from hydrazinoyi
chlorides by the action of triethylamine 48 and aluminum chloride. 49 The
hydrazinoyi chlorides are prepared by reaction of hydrazides with phosphorus
pentachloride. 51
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Scheme 3
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Reaction of Thianthrene Cation Radical Perchlorate
with p.p'-Dimethoxy-l .4-diphenylazomethane
ThtCI04' reacted rapidly with p,p'-dimethoxy-1,4-diphenylazo- methane in
acetonitrile. The products obtained were thianthrene ( T h ) . thianthrene oxide
(ThO), p-anisaldehyde (CH3O-C6H4CHO) and p-anisaldehyde azine
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(CH30-C6H4CH=N-N=CHC6H4 -OCH3). These products and their yields are listed in
Table 2. It was found that the products accounted for 99.8-102% of the ThtCI04"
and 55.2-57.5% of the azo compound.
p-Anlsaldehyde azine, the major product of this reaction, was an oxidation
product of the azo compound. The mechanism for the formation of the azine Is
probably as shown by Scheme 4. The azocompound was oxidized by ThtCI04" to its
cation radical. The cation radical of the azo compound then lost a proton giving a
radical which was again oxidized by ThtCI04" to a cation. The cation then lost
another proton to give the azine. It might be possible that the cation radical of the
azo compound undergoes the second oxidation before losing the proton to give a
dication which then loses two protons to give the azine.

Scheme 4
R-CH2-N = N- CH2-R + Tht
R-CH2-N+-N-CH2-R

5^ Th + (R-CH2-N=N-CH2-R) t
>

R-CH= N-N-CH2-R

R-CH=N-N-CH2-R +Tht
R-CH=N-N+-CH2-R

> R-CH= N-N+-CH2-R + Th
>

R-CH= N-N=CH-R

( R = CH3O-C6H4- )
The formation of p-anisaldehyde can be attributed to the hydrolysis of the
corresponding hydrazone of the azo compound. p-Anisaldehyde could also be
formed by the hydrolysis of p-anisaldehyde azine. However, when an attempt was
made to hydrolyse the authentic azine by perchloric add in aqueous acetonitrile,
more than 90% of the azine was recovered. Hence, the formation of p-anlsaldehyde
from the hydrolysis of the azine can be ruled out.
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One Important observation from this reaction was that the expected triazole
was not obtained. The reason for not obtaining the triazole Is not clear. It may be
that the oxidation of the azo compound Is very fast and thus the oxidation product
(the azine ) was formed more rapidly than cycloadditlon could occur. Also, the
electrophilicity of the benzilic carbon of the cation radical of the corresponding
hydrazone Is reduced by the strong electron releasing methoxy group and so the
attack of the nitrile on the benzilic carbon becomes less probable. Thus the
simple oxidation predominates over cycloadditlon to the nitrile. Another
possibility is that the azo compound does not tautomerize to the corresponding
hydrazone. However, the formation of p-anisaldehyde, the source of which is the
hydrazone, rules out that possibility.
It might also be possible that In the present case, oxidation occurred by the
removal of electron from the aromatic ring as proposed by Dewar and co-workers
for the oxidation of p-methoxytoluene 52 and 1- and 2-methoxynaphthalene 53 by
manganic acetate or cobalt acetate. If oxidation occurred at the aromatic ring,
formation of the azine seems much more likely than formation of the triazole.
This method of formation of the azine Is shown in Scheme 5.
Reactions of Thianthrene Cation Radical
Perchlorate with 1.1'-Azoadamantane
Th+CI04' reacted rapidly with 1,1 '-azoadamantane ( A A ) in acetonitrile. The
products obtained were thianthrene (Th ), thianthrene oxide (ThO),
N-adamantylacetamide (AdNHC0CH3). adamantane (AdH), adamantyl methyl
ketone {Ad(CH3)C=0}, 1,1'-biadamantyl (Ad-Ad ),and 1-adamantanol (AdOH).
These products and their yields are listed In Table 3. It was found that the
products accounted for 100.7-101.5% of the ThtCI04- and 99-99.4% of the
adamantyl groups In 1,1'-azo- adamantane.
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The source of N-adamantylacetamide and 1 -adamantanol was adamantyl
cation. Adamantyl cations were obtained from the oxidative decomposition of the
azo compound by ThtCI04". The formation of N-adamantylacetamide and
1 -adamantanol can be represented by the equations 35-40.
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AA + Tht
AAt

^
^

Ad- + Tht

AAt + Th

Ad- + N2

— - (36)

> Ad+ + Th

Ad+ + CH3CN

^ Ad-N=C+-CH3

Ad-N=C+-CH3 + H2O
Ad+ + H2O

+ Ad+

( 35 )

( 37 )
—

> Ad-NHC0CH3 + H+

> AdOH + H+

(38)
( 39)

—

(40)

The cation radical of azoadamantane decomposes into adamantyl radicals and
adamantyl cations (equation 36). Some adamantyl radicals are again oxidized
Into adamantyl cations (equation 37). Adamantyl cations react with acetonitrile
to give a carbocation as an Intermediate (equation 38) which then reacts with
water to give the amide ( equation 39 ). Adamantyl cation reacts with water to
give 1-adamantanol (equation 40).
Another possible mechanism for the formation of N-adamantyl acetamide and
1-adamantanol Is the complexation mechanism (equations 41-44 ). The initial
step Is the formation of a complex between ThtCI04" s^d AA (equation 41 ) which
then undergoes further oxidation to give a dication ( equation 42). Decomposition
of the dication generates adamantyl cations (equation 43 ). The competitive
decomposition of the monocationic complex generates adamantyl radicals and
adamantyl cations ( equation 44 ).
Tht + AA
(Th/AA ) t + Tht
(Th/AA ) 2+
(Th/AA) t

^

( Th/AA )+
> ( Th/AA ) 2+ + Th
^ Th + 2 Ad+ + N2

> Th + Ad- + N2 + Ad+

( 41 )
( 42 )
( 43 )
(44 )

Table 3 shows that N-adamantylacetamide accounts for more than 90% of the
total adamantyl groups of azoadamantane. There would be maximum 50% of the
amide If It was obtained as shown In either equation 36 or equation 44. So, it
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appears that adamantyl cations were formed by more than one way. The additional
adamantyl cations were obtained either by the oxidation of adamantyl radicals
( equation 37 ) or by the decomposition of the dication of the complex
(equation 43).
The source of adamantyl methyl ketone and adamantane was the adamantyl
radical, obtained from the decomposition of the cation radical of azoadamantane
(equation 36) or from the decomposition of the complex (equation 44). When the
reaction of ThtCI04- with azoadamantane was carried out In presence of BrCCIs In
acetonitrile, none of AdCOMe and AdH was obtained. Instead, 1-bromoadamantane
was obtained. The complete suppresion of AdCOMe and AdH and the appearance of
1-bromoadamantane by the Inclusion of BrCCl3 suggests that the adamantyl
radicals were trapped by abstracting bromine atom from BrCCl3. BrCCl3 Is known
to trap free radicals by bromine atom abstraction. 54 inclusion of BrCCl3 also
reduced the yield of N-adamantylacetamide. suggesting that adamantyl radicals
which would be oxidized by ThtCI04" to adamantyl cations and hence lead to the
amide, were trapped by bromine atom abstraction from BrCCl3.
The mechanism for the formation of adamantyl methyl ketone and adamantane
can be expressed by equations 45-48. Adamantyl radical adds to the nitrile carbon
of acetonitrile to give the iminyl radical ( equation 45 ), which then abstracts
hydrogen atom from solvent to give the ketimine ( equation 46 ). Iminyl radicals
are known to abstract hydrogen atoms. 55-57 jhe ketimine, Ad(CH3)C=NH, on
hydrolysis during workup, produces AdCOMe (equation 47). Ketimines are known
to hydrolyse readily. 58 when an authentic sample of Ad(CH3)C=NH was added to
the reaction mixture after the reaction was complete, total hydrolysis to AdCOMe
took place on workup. Adamantyl radicals abstract hydrogen atom from solvent to
give adamantane (equation 48).
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Ad- + CH3CN

> Ad-C(CH3)=N-

Ad-C(CH3)=N- + CH3CN
Ad-C(CH3)=NH
Ad- + CH3CN

> Ad-C(CH3)=NH + •CH2CN
^

^

Ad-COCHs
AdH + •CH2CN

-— (45 )
- - (46)
.... (47 )
-— ( 4 8 )

Another possible source of AdC0CH3 Is the azine, Ad(CH3)C=N-N=C(CH3)Ad,
which might be formed by the dimerizatlon of iminyl radicals (equation 4 9 ) .
Iminyl radicals are also known to dimerize. 55, 59 Hydrolysis of the azine during
workup could also form AdCOMe. However, when an authentic sample of the azine
was added to the reaction mixture both before and after the reaction was
complete, the azine was recovered quantitatively after workup. Hence, the azine
can be ruled out as the source of AdCOMe.
The mechanism for the formation of 1,1'-biadamantyl is not clear. One
possibility for its formation could be the dimerizatlon of free adamantyl radicals.
But, the formation of equal amounts of biadamantyl In both the presence and
absence of BrCCl3 rules out that possibility and suggests the possibility of the
formation of biadamantyl In the solvent cage.
From these reactions, it was found that very few adamantyl radicals were
formed. More than 90% of the adamantyl groups appeared as cations showing that
mainly carbocationic chemistry resulted from the oxidative decomposition of
azoadamantane.
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CHAPTER 4
OONOWONS
Reactions of ThtCI04- with 1.4-dlphenylazomethane in different nitrile
solvents led to the formation of 1,2,4-triazoles. A triazole was formed by the
oxidative cycloadditlon of the corresponding hydrazone to the solvent nitrile. Also
oxidative decomposition of 1,4-diphenyl- azomethane occurred to give both
radical ( e.g. bibenzyl) and catlonic (e.g. N-benzylamlde) products.
Reactions of ThtCI04- with benzaldehyde phenylhydrazone in different nitrile
solvents produced 1,2,4-triazoles In very high yields. These reactions provide an
easy method for the preparation of 1,2,4-triazoles.
1,1'-Azoadamantane has been shown to undergo oxidative decomposition by
ThtCI04". The major products were obtained from adamantyl cations while the
minor ones were from adamantyl radicals. It Is apparent that adamantyl radicals,
if formed, are less stable toward dimerizatlon than benzyl radicals, and undergo
oxidation to adamantyl cations. Thus, carbocationic chemistry was observed in
preference to free radical chemistry. The cycloadditions observed in the reactions
of 1.4-diphenylazomethane and benzaldehyde phenylhydrazone, could not occur in
the reactions of azoadamantane since it does not have the PC-H necessary for
tautomerization.
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