
RADICAL AND RADICAL CATION CHEMISTRY 

OF AZOALKANES AND OXIMES 

by 

WANG-KEUN LEE, B.S., M.S. 

A DISSERTATION 

IN 

CHEMISTRY 

Submitted to the Graduate Faculty 
of Texas Tech University in 

Partial Fulfillment of 
the Requirements for 

the Degree of 

DOCTOR OF PHILOSOPHY 

Approved 

May 1990 



9-0 

> \ | 0 ' 2 5 " ACKNOWLEDGEMENTS 

I would like to acknowledge first Dr. Henry J. Shine for his instruction and guichuice 

duriFig my graduate career. His patience and encouragement made the fruition of this 

dissertation. 

I also thank my committee members. Dr. Richard A. Bartsch, Dr. Jerry L. Mills, Dr. 

John N. Marx, and Dr, Robert D. Walkup, for their valuable suggestions and criticisms 

and to my colleagues in the Dr. Shine Research Group for their cooperation and good 

suggestions. 

A word of appreciation goes out to the Robert A. Welch Foundation, NatioFial Science 

Foundation, and Texas Tech University for the financial support of this research. 

My appreciation is expressed to Chonnam National University, Korea, for granting me 

a leave of absence during my stay at Texas Tech. 

Special thanks to my wife, Sook-Hee, and my other family members for their paticFice 

aFid understaFiding when my work took priority. 

This dissertation is dedicated to my father who passed away during the course of this 

study. 

11 



1 

CON'I'ENTS 

ACKNOWLEDGl-MENTS ii 

LIS'!'OF" TABLES viii 

I. INTRODUCriON 1 

Purpose of this Investigation I 

IJteralure Review 2 

'iYis(p-bromoj)henyl)amine Cation Radical Chemistry 2 

ThiaFithrene Cation Radical Chcmistiy 3 

Phenoxathiin Cation Radical Chemistry 

Chemisti7 of Azoalkanes 1 »S 

CiieFiiislry of a,(3-Unsalurated Oximes 1 '̂ 

II. EXPERIMENTAL SECITON 

Mateiials and Equij)meFit 

SolvcFils, Reagents, and Purification Techniijues 

liradialioFi Eiiuipment 23 

Product Assay Equipment 23 

Melting POIFU Ap|)aralus 23 

SpeclroFueli7 EquipFiiCFit 2 1 

Elemenial Analyses 24 

pFcpaialioFi of ThiaFithicFie Cation Radical PcFchloiale 
( T h ^ C K V ) 21 

Pre|)aralion of PenoxalhiiFi Cation Radical Peichloiale 
( Ph • -ClO.f ) 23 

IixloFiictric A.s.say of Cation Radical Purity 25 

PreparalioFi of 0.1-N Sodium Thiosulfale SolulioFJ 2.S 

iii 

1 " » 

• ) 1 

) ' ) 



Standardization of Sodium Thiosulfate Against 
Potassium lodate 25 

Determination of Cation Radical Purity 26 

Preparation of Tris(p-bromophenyl)aminium 
ITexafluoroantimonate (TBPA+SbF6-) 26 

Tris(p-bromophenyl)aniine ( TBPA ) 26 

Tris(p-bromophenyl)aminium Hcxafluoroantimonate 26 

Preparation of Tris(p-bromophenyl)aminium Perchlorate 
(TBPA+-C104- ) 27 

Preparation of Tris(p-bromophenyl)aminium 
Hexachloroantimonate ( TBPA+SbCl^") 28 

Preparation of l,r-Azoadamantane ( AdN=NAd ) 2S 

1-Adamantyl Sulfamide 2S 

l,r-Azoadamantane 29 

Preparation of Ll'-Biadamantane ( AdAd ) 29 

Preparation of 1,4-Diphenylazomethane ( PhCH2N=NCH2Ph ) 30 

Benzalazine 30 

N,N'-Dibenzylhydrazine 30 

1,4-Diphenylazomethane 31 

Preparation of Benzyl Methyl KetOFie ( PhCU2COMe ) 31 

Preparation of Chromic Acid SolutioFi 31 

Benzyl Methyl Ketone 31 

Preparation of Benzaldehyde Hydrazones 32 

Benzaldehyde Phenylhydrazone ( PhCH=NNHPh ) 32 

Benzaldehyde Benzylhydrazone (PhCH=NNHCI l2Ph ) 32 

Preparation of Oximes 3^ 

IV 



Benzalacetone Oxime [ PhCH=CHC(CH3)=NOH j 32 

4-Chlorobenzalacetone Oxime 
[ C1C6H4CH=CHC(CH3)=N0H ] 33 

Cinnamaldehyde Oxime ( PhCH=CMCH=NOH ) 34 

2-Nitrocinnamaldehyde Oxime 
( N02C6H4CH=CHCH=NOH ) 34 

Chalcone Oxime [ PhCH=CI IC(Ph)=NOH | 35 

4-Methoxychalcone Oxime 
[ MeOC(3H4CH=CHC(Ph)=NOH | 35 

Preparation of Isoxazoles 36 

3-Methyl-5-phenyIisoxazole 36 

5-Chlorophenyl-3-methylisoxazole 36 

5-Phenylisoxazole 37 

3,5-Diphenylisoxazole 38 

3-Phenyl-5-(p-methoxyphenyl)isoxazole 39 

Preparation of Oxazole 10 

2-Methyl-5-phenyloxazole 40 

Preparation of 2-Nitrocinnamonitrile 40 

Photochemical Reaction of l,r-Azoadamantane in Acctonitrile 41 

Monitoring Decomposition by GC 41 

Irradiation Product Analysis 42 

Quantitative Analysis of AdCOMe and 
AdC(Me)=NCI I2CN in an Aged Solution of Products 42 

IFI the Presence of Water 42 

In the Presence of Bromotrichloromethane 43 

Photolysis of Adamanlyl Methyl Ketone in Acetonitrile 43 

Conversion of 1,4-Diphenylazomeihane to 
Benzaldehyde Benzylhydrazone in Acetonitiile 43 



Oxidation of l,r-Azoadamantane by Tris(p-bromophenyl) 

aminium ITexafluoroantimonate 44 

Experimental Procedures 44 

Preparation of Samples for MeasuremcFit 
of Nitrogen Gas 45 

Reactions of Phenoxathiin Cation Radical Perchlorate 

with 1,4-Diphenylazomethane 46 

In Acetonitrile 46 

In Methylene Chloride Containing Acetonitrile 46 

In Methylene Chloride Containing Propionitrile 47 
In Methylene Chloride 47 

Reactions of Tris(p-bromophenyl)aminium 

ITexafluoroantimonate in Acetonitrile Solution 48 

With 1,4-Diphenylazomethane 48 

With Benzaldehyde Phenylhydrazone 49 

Reaction of BenziUazine with Perchloric Acid iFi Acetonitiile 49 
Reactions of Oximes of Chalcones, Benzalacetones, and 

CiuFiamaldehydes with ThianthrcFie Cation Radical 50 

Benzalacetone Oxime 50 

4-Chlorobenzalacetone Oxime 50 

Cinnamaldehyde Oxime 51 

2-Nitiocinnamaldehyde Oxime 51 

ChalcoFie Oxime 51 

4-Methoxychalcone Oxime 52 

4-Methoxychalcone Oxime in the Presence of 

2,6-Di-tert-butyl-4-methylpyridine (DTBMP) 52 

111. RESULTS AND DISCUSSION 53 

Photochemical Reaction of l,l'-Azoadamantane in Acetonitrile 6S 
VI 



Conversion of 1,4-Diphcnylazomeihanc to 
Benzaldehyde Benzylhydrazone 74 

Oxidative Decomposition of l,r-Azoadamantane 

by Tris(p-bromophenyl)aminium IlexafluoroaFitimonate 74 

Reaction of 1,4-Diphenylazomethane with Cation Radicals 80 

With Phenoxathiin Cation Radical Perchlorate 
in Acetonitiile 80 
With Phenoxathiin Cation Radical Perchlorate 
in Methylene Chloride Containing Acetonitiile 82 

With Phenoxathiin Cation Radical Perchlorate 
in Methylene Chloride Containing Propionitrile 83 

With Phenoxathiin Cation Radical Perchlorate 
in Methylene Chloride 83 

With Tris(p-bromophenyl)aminium 
Ilexanuoroantimonalc 84 

Reaction of Tris(p-bromophenyl)aminium 
I lexafluoroantimonatc with Benzaldehyde Phenylhydrazone 85 

Oxidation of Aryloximes of Chalcones, Benzalacetones, 

aFid CiFiFiamaldehyde by Thianthrene Cation Radical 8() 

IV. SUMMARY AND CONCLUSIONS 93 

REFERENCES 95 

Vll 



LIST OF TABLES 

1. Chromatographic Data for Products from Photolysis of AA in MeCN 53 

2. Yields of Products from Photolysis of AA in MeCN 54 

3. Yields of AdCOMe and AdC(Me)=NCH2CN 
in an Aged Solution of Products 55 

4. Yields of Products from Photolysis of AA in the Presence of Water 56 

5. Yields of Products from Reaction of TBPA+SbF(^" with 
l,r-AzoadamiuUane in Acetonitiile 57 

6. Yields of Products from Reaction of Ph'^-C104" with 
1,4-Diphenylazomelhane 58 

7. Yields of Products from Reaction of Ph"'"-CI04" with 
1,4-Diphenylazomelhane in Methylene Chloride CoFitaining AceloFiitrile 59 

8. Yields of Products from Reaction of Ph''"-Cl04" with 
1,4-Diplienylazomethane in Methylene Chloride Containing Propionitrile 60 

9. Yields of Products from Reaction of Ph+-C104- with 
1,4-DiphenylazomethaFie in Methylene Chloride 61 

10. Yields of Products from Reaction of TBPA+SbF(," with 
1,4-Diphenylazomelhane in Acetonitrile 62 

11. Yields of Products from Reaction of TBPA+SbFY/ with 

Benzaldehyde PhenylhydrazoFie in Acetonitiile 63 

12. Aiyoximes and Some of Their Cyclic Derivatives 64 

13. Products of Reaction of Oximes with Acetonitrile 66 

vni 



CHAPTER I 

INTRODUCTION 

Purpose of this Investigation 

CalioFi-radical-induced, single-electron transfer (SET) reactions have beguFi lo allrael 

miFcli altentioFi. If a cation radical has an oxidation potential large CFiough to oxidize a 

laiget molecule lo its cation radical, a study of the fate of this newly-fonned caiioFi ladical, 

aFi eleclrophilic reactive intennediate, will be promising. In particular, the possibility ihal 

neulial ladicals could be fonned from the target molecule by decoFiipositioFi following one-

eleclioFi oxidation, and that a neutral radical could be scavcFiged by the iFiducing calion 

Fadical, was the alliaclive driving force for this investigation. 

The objective of this study was to characterize the chemistry of electron liaFisfer b\' ihe 

leaclion of calioFi I'adicals of tris(p-bromophenyl)amine, phenoxathiiFi, aFid ihianlliFeiie wiih 

laiget molecules such as Ll'-azoadamantane, 1,4-diphenylazometliane aFul ben/aldeh\tle 

|)heFiylliydiazoFie. hi the reactions with azo compouFids, the objeci was lo fiFid if OFIC-

elcclFon oxidation by a calioFi radical could generate alkyl radicals, aFid whether the alky! 

Fadicals could be trapped or scavcFiged. The purpose of studying the reactioFis of 

bcFizaldehyde phcFiylhydrazoFie was to piobe the validity of the mechanisFii which had been 

pioposcd for the foF'matioFi of a 1,2,4-lriazole in the reaction of acatioFi radical with 1,4-

diphcFiylazomethaFie in acetOFiilrile solution. The photochemical reaclioFi t)f iiaFis 1,1' 

azoadaFnaFiUwie IFI acetonitrile was also studied to try to answer questions about the faie oi' 

adaFiKuityl ladicals in acctoFiiirile. The fate of this radical was of interest in the calion 

radical oxidative chcFnislFy. FiFially, the reactioFis of oximes of chalcoFies, bcnzalaccioFies 

and cinnaFiKildehydes were studied with the objective of exploring the possibility that calioFi 

Fatlicals would cause oxidative, iFitraFiiolecuhucyclization of oximes. 
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Literature Review 

Tris(p-bromophenyl)amine Cation Radical Chemistry 

A series of p-substituted triarylaminium salts, (R-C6H4)3N+-X", was prepared by 

Walter (1). These salts are reasonably stable in air and can be kept in the solid state for 

some time at low temperature. Generally, he found that triphenylamines with electron-

withdrawing p-substituents (R = CO2CH3, NO2) were difficult to oxidize by an iodiFie-

silver perchlorate oxidizing mixture (2). On the other hand when a triphenylamine had an 

electron-releasing p-substituent (R = NH2, OCH3^ CH3), it was easily oxidized by the 

oxidizing mixture. Ledwith (3) prepared stable tris(p-bromophenyl)aminium salts having 

counter ions such as SbCl6", SbF^' and PF^", and had intense colors, very strong electron 

spin resonance (ESR) spectra, and considerable thermal stability. The tris(p-

bromophenyl)aminium ion has a suitably high oxidizing power for the one-electron 

oxidation of many organic substrates. Furthermore, tris(p-bromophenyl)amine is onl\ 

spiiringly soluble in many common organic solvents and can be readily separated from 

oxidation products. The stability of p-substituted triarylaminium ions which permits theii-

isolation as salts is due in part to resonance stabilization and in part to the blockiFig of the p-

positions against benzidine-type coupling. 

Tris(p-bromophenyl)aminium hexachloroantimonate (TBPA+-SbCl6") has been iFsed 

for initiating reactions of various compounds in the form of their cation radicals, e.g., for 

the deprotection of benzyl ethers (4-6), the deprotection of 1,3-dithianes and 1,3-

dithiolanes (7) and isomerizations (8, 9). More recently, Bauld (10) and Gassman (11) 

have reported the powerful catalysis of certain Diels-Alder cycloadditions by tris{p-

bFomophenyl)aminium hexachloroantimonate. The chemistry makes convenientK' lead to a 

number of Diels-Alder adduct sn-uctures that hitheno either were not directly a\ ailable or 



were available only in poor yields. In 1988, Engel and Shine found that 2,3-

diazabicyclo|2.2.2]oct-2-ene (DBO) forms an adduct with the stable cation radical salts. 

TBPA+-SbCl6- and TBPA+-SbF6- without producing nitrogen (12). 

Thianthrene Cation Radical Chemistry 

In 1868, Stenhouse observed for the first time that thianthrene (Th) dissolved in 

concentrated sulfuric acid, giving a purple color along with sulfur dioxide evolution (13). 

Ninety years later, independent work in four laboratories explained that the purple color 

was caused by the thianthrene cation radical (1, Th+O which was formed from thianthrene 

by oxidation by concentrated sulfuric acid. One-electron oxidation of thianthrene had 

occurred as shown in Equation 1. 

+ 3 H2SO4 -*^ 2 + 2 I ISO 

( 1 ) 

+ SO9 + 2 H. O 

A five-line e.s.r. spectrum, which arose from strong interaction of the electron w ith 

one of the two sets of four-equivalent protons in the thianthrene cation radical, was 

obtained from a purple solution of thianthrene in sulfuric acid (14-18). The identity of the 

set of foui-equivalent protons was established by taking e.s.r. spectra of appropriately 

substituted thianthrene cation radicals. 1-Substituted thianthrenes in concentrated siilfinic 

d gave a five-line ESR spectrum like that of thianthrene itself, while three- or four-line 

spectra were obtained from 2-substituted thianthrenes (19). The first comjilete resolmion 
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of the ESR spectrum of thianthrene cation radical was characterized by resoning to \o\\ 

temperature and a different medium (nitromethane-aluminum chloride) (20). The total 

spectriFFii showed not only the expected 25 proton lines but also coupling with naturally 

abundant ^^S. 

Various methods are now available for the preparation of the thianthrene cation radical. 

Sulfuric acid and some other oxidizing Bronsted acids can be used for oxidizing 

thianthrene, but the use of concentrated sulfuric acid has a disadvantage of giving 

sulfonation products. Methanesulfonic acid was used for the oxidation of thianthrene to iis 

cation radical (21). However, the mechanism of oxidation is uncertain since 

methanesulfonic acid is not an oxidizing agent. A very common method for the preparation 

of crystalline thianthrene cation radical perchlorate is the oxidation of thianthrene by 

commercial 70% perchloric acid in carbon tetrachloride containing some acetic anhydride 

(17). Again the mechanism of oxidation is not known. 

Thianthrene cation radical undergoes substitution or addition reactions with 

nucleophiles. Reaction with nucleophiles leads usually to addition at a sulfur atom 

(Equation 2) and occasionally substitution at a ring position (Equation 3). The overall 

Nu 

.St 
-I- Th -I- i r ( 2 ) 

9 

^ ^ ^ ^ ^ " Q 

+ NuH 
^ \ ^ 

S 

,S. Nu 

+ Th -h 21 r ( 3 ) 



stoichiometry of these addition and substitution reactions is shown in Equations 2 and 3 

and is commonly seen in reactions of other analogous carion radicals. Equal amounts of 

product and thianthrene are formed with the release of one or two protons, dependiFig on 

the nucleophile. 

Reactions between thianthrene cation radical and various nucleophiles have been 

studied, some of them kinetically. The reactions are mechanistically somewhat complex, 

because the initial intermediates are in unstable oxidation states and funher reactions must 

take place to afford stable products. 

Three types of mechanisms, dispropordonation, half-regeneration, and complexation, 

have been proposed for the reactions of thianthrene cation radical with 

nucleophiles (22). In these equations, (Th -NuH)'''- represents the covalently-bound 

adduct, and (Th/NuH)+- indicates a poorly defined, Ti-type complex (23). 

Disproportionation 

2 Th+- ^ Th2+ + Th ( 4 ) 

Th2+ + NuH • Th+—Nu + H+ . ( 5 ) 

Half-generation 

Th+- + NuH ^ (Th —NuH)+- ( 6 ) 

(Th —NuH)+- -f- Th+- ^ Th+—(NuH)+ + Th ( 7 ) 

Th+—(NuH)+ • Th+ Nu + H+ . ( 8 ) 

Complexation 

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



(Th/NuH)+- + Th+- (Th/NuH)2+ + Th ( 10) 

(Th/NuH) 2+ - • Th+ Nu + H- ( 11 ) 

The complexation and the half-regeneration mechanisms cannot be distinguished 

kinetically, and it is necessary to rely on other considerations to assign a mechanism. In 

order to distinguish between those two mechanisms, reactions of Th"̂ - with anisole (24) 

and phenol (25) were studied. If the reaction of thianthrene and anisole involved the 

formation of the covalently bonded intermediate 2 [i.e., Th- -(AnH)"*"], proton loss would 

be expected to take place before involvement of a second Th'''- moiety (Equation 12). The 

-I-

0CH3 

OCH. 

t 

+ H^ 

( 1 2 ) 
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reaction of thianthrene cation radical with anisole led to (Th/AnH)''"- at low initial Th+-

concentration but to sulfonium ion (Th+-An) at high initial Th+- concentration. 

The reactions of thianthrene cation radical with a number of nucleophiles such as u ater 

(26, 27), ammonia and amines (28, 29), aromatic compounds (30), ketones (31-33), 

alkenes (34), alkynes (34), triphenylamine (27), some vinyl monomers (27), pyridine (35) 

and organometallic compounds (36-38) have been reported. Also reactions with inorganic 

anions such as chlorid (27), nitrite (35) and nitrate ions (35), have been studied. 

The reacdon of thianthrene cation radical with H2O was the first reaction to be studied 

in detail. Studies of the mechanism of the water reaction have attracted the most attention 

and turned out to be complex. In 1969, Murata and Shine (27) found that the reaction \s as 

second order in Th'*'- and first order in H2O and proposed the disproportionation 

mechanism. Thereafter, it was found by Evans and Blount (39) that the hydroxylation of 

Th"*"- in acetonitrile was second order in Th"^-, third order in H2O, and also inverse fii'sl 

order in acid. To resolve the inconsistences, Parker studied the kinedcs of the 

hydroxylation of Th'*'- in the presence of a base (40, 41) and showed that the complexity of 

the reacdon order with H2O is simply a consequence of acid-base equilibria . Generally, 

where the nature of the base B is not specified, the proposed mechanism of hydrox\ lation 

Th^* + H2O ^ >• ( T H / H 2 0 ) ^ ' ( 1 3 ) 

Ki4 
( T H / H 2 0 ) " * + B ^ *" T h - ^ O H + BH^ ( 1 4 ) 

T h - — O H + Th""* ^ ^ Th^ — OH + Th ( 1 5 ) 

Th^ — OH + B • ThO + BH^ ( 16 ) 



is shown in Equations 13-16. When B is H2O, 2 moles of H3O''' are formed for every 

mole of ThO produced. If electron transfer reaction 15 is the rate determining step, a 

reaction order of 2 in H2O is predicted in the absence of other complications. If H3O"*' is a 

more effective participant in the reverse reaction 14 than is H30+( H20)n, the higher order 

in H2O can be accounted for by the equilibrium shown in Equation 17. The mechanism 

shown in Equations 13-16 accounts for the fact that the reaction order in H2O is 1 in the 

H3O'*- + nH20 ^ H30'»'(H20)n ( 1 7 ) 

presence of very low concentrations of base. In reaction 13, H2O participates as the 

nucleophile. Under these conditions, equilibrium 17 is not significant due to the ver)' low 

IH3O"'"]. Parker suggested three rate laws ( Equations 18-20 ) consistent with Equations 

13-16. In neutral or acidic acetonitrile, B is most probably H2O. The observed large 

-d|Th-h.l/dt = 2Ki6Ki3Ki4Ki5[Th+-]2[H20] [B]2/[BH"*-] [ThJ ( 18 ) 

-d|Th-h.]/dt = 2 1C15 K13K14 [Th-^-]2 [H2O] [B] / [BH-^] ( 19 ) 

-dITh+.J/dt = 2 K15K16 K13K14 [Th+-j2[H20J[Bj2/[BH+] ( KI6 [B] -ic.15 [Th] ) ( 20 ) 

kn/kD values of 9-12 suggests that proton transfers (Equations 14 and 16) may both 

contribute to the rate, and rate law 20 provides for the nonintegral values 1.3-1.6 for the 

reaction order in cation-radical and substrate. In acidic buffer, the reaction order was 

obsei-ved to be equal to 1.83. Under these conditions, rate law 19 approximately holds aFid 

the observed low kn/ko value could be a consequence of the fact that proton n-ansfer takes 

place in an equilibrium step 14. In basic buffer, the reaction order was observed to be 
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about 1.7 and kn/ko was about 2 which suggests that the rates of reverse reaction 15 and 

reaction 16 are of comparable magnitude and that rate law 20 is approximated under these 

conditions. In 1984, Vieil et al.(42) in an overall review of this problem proposed that ihe 

hydroxylation reaction can be between first and third order in water depending on the 

concentration of water. 

Kim and Shine (43) found that some amines such as tert-butylamine, dimethylamiFie, 

and carbazole react quantitatively with the thianthrene cation radical perchlorate to gi\ e 

addition compounds at a sulfur atom, but the mechanism of these reactions is not kFiown. 

The reaction with ammonia gave not the simple addition compound, a sulfilimine, but the 

product 4 (Equation 21). On the other hand, reaction of thianthrene cation radical 

+ NH3 -I- ClO 

(21 ) 

perchlorate with pyridine gave in contrast the pyridinium perchlorate 5 (Equation 22) in 

good yield (35). In contrast with the reaction of thianthrene cation radical with 

alkylamines, substitution at ring carbon occurs in the reaction with pyridine. 

Thianthrene cation radical reacts with aromaticcompounds as a weak electrophile. The 

reaction follows the stoichiometry shown in Equation 23 (44). Reaction succeeds only 

when the aromatic compounds bears one or more electron-donating subsiituents. Reaction 



-I- 0 - ^ • 

() 

4-

-I-
• ^ 

+ H 

-t-

( 23 ) 

with aniline led only to oxidation of the aniline, but reaction with acetanilide was successful 

and the product 6 with R] = NH2 and R2 = H was obtained by hydrolysis of the acetyl 

derivatives 6 with Ri = NHAc and R2 = H. 

The reaction of thianthrene cation radical with ketones was discovered by accident 

when Th"*"- was brought into contact with acetone. In most cases, a p-ketoxysulfonium 

perchlorate was formed from the reaction between Th+- and the ketone (Equation 24) (31 -

33). Reaction with diketones such as dimedone and dibenzoylmethane led, in some cases. 
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directly to sulfur ylide. Some of the p-ketosulfonium perchlorates were themselves easily 

converted into sulfur ylides by threatment with base. 

1 

O 
C1O4 + R . c n t R ' 

+ HCIO 

Addition compounds (Equations 25 and 26) have been obtained from the reaction of 

Th"*"- with alkenes (34) and alkynes (34). However, the mechanism of this reaction has not 

been explored. The reaction is thought to occur in stages as shown schematically IFI 

Equations 25 and 26. 

Reaction of thianthrene cation radical with chloride ion gave 2-chlorothianthreFie (27) 

but the mechanism of reaction has not been established. One possibility is shown iFi 

Equations 27-29. Nucleophilic substitution by iodide and fluoride ion did not occur. 

Iodide ion reduces the cation radical effectively, while fluoride ion is a poor nucleophile 

and also has a high oxidation potential. Iodide ion is frequently used for the iodimetric 

assay of cation radical salts. 

Reactions with nitrite and nitrate ions with formation of NO and NO? respecti\ely 

have been interpreted as shown in Equations 30 and 31 (35). Eberson and Radner (45) 

F-eportedthat the cation radical of perylene (PeH) reacts instantaFieously with nitrite ion in a 
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-I- 'C: 
\ ( 25 ) 

-I-

(26) 

Th^' CI 

2 CI 

- ^ -

- ^ -

Th 

CL 

+ CI (27 ) 

(28) 

Th + CF • ^ ThCl + HCl (29) 

initial electron transfer process followed by formation of nitroperylene (PeN02) via 

reaction of PeH with N2O4 (Equation 32). 

It was found that a number of organomercurials, e.g. R2Hg in which R is Me, Et, 

C6H5, P-CIC6H4, reacted cleanly with Th'''- to cause alkylation (and arylation) on sulfur 

(Equation 33) (37). The reaction with dialkylmercurials has been shown to involve an 

initial electron transfer step (46). 

Recently, Shine and coworkers found the probable occurrence of electron transfer in 

the reactions of thianthrene cation radical with phenylazotriphenylmethane (PAT) (47) and 

azo-t-butane (47). Shine and Soroka in 1986, and Boduszek, Shine, and Venkaiachalam in 



+ N02 

+ N03 

a 
0-N=0 

'Y^-,XJ 

0 
1 

0-N=0 
1 + 

11 1 

.,XJ 

• r k. 
-1-

r k. 
-1-

o 

r'Y^ KXJ 
( 30 ) 

NO 

O 

( 3 1 ) 
NO2 

PeH'^- + NO2- - • PeH + 1/2 N2O4 • ^ - • PeN02 ( 32 ) 

+ R2Hg • ^ 

-H R2Hg 

-h 

( 33 ) 

1989 reported the reactions between Grignard reagents and thianthrene cation radical 

perchlorate (36, 48). The 5-alkylthianthrenium perchlorate (ThR'*"C104") was obtaiFied as a 

major product in the case of R = Bu, 5-hexenyl, and cyclopentenylmethyl as shown in 
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Equations 34 and 35. In the case of R = s-Bu and t-Bu, the alkane (RH), the alkene 

[R(-H)] were obtained as major products in diethyl ether solution (Equations 36-38). 

Th+- + RMgCl • Th + R- + MgCl"^ ( 34 ) 

Th+- + R- • ThR'^ ( 35 ) 

R- + Et20 • RH + CH3CH0Et { M^ ) 

R. + R. • RH -H R (-H) ( 37 ) 

R- + CH3CHOEt • RH + CH2=CHOEt (38 ) 

Shine and coworkers have discovered that azoalkanes such as 1,1 -azoadamantane (AA) 

(49) and 1,4-diphenylazomethane (DPAM) (50) are readily oxidized by thianthrene calion 

radical perchlorate in nitrile solvents at room temperature. Reaction of 1,1 -azoadamantarie 

with thianthrene cation radical rapidly produced nitrogen and thianthrene in quantitativ e 

yield. The major product from the azo compound was N-adamantylacetamide, which was 

formed from the adamanlyl cation (Ad+) as shown in Equations 39-43. But, adamantane 

(AdH), l,r-biadamantane (AdAd), and adamanlyl methyl ketone (AdCOMe) were 

Th-̂ - + AA ^ Th + AA-̂ - ( 39 ) 

AA-̂ - • Ad- + Ad+ + Ni (40 ) 

Th-̂ - + Ad- • Th -f- Ad+ ( 4 1 ) 

Ad+ + MeCN • Ad-N=C-^-Me ( 42 ) 

Ad-N-C+-Me + H2O • Ad-NHCOMe + H+ (43 ) 
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obtained only in 0.2%, 2.5%, and 5.5% yields, respectively. Also, they reported the 

formation of AdCOMe and AdH was stoped by inclusion of BrCCl3 in MeCN, but 

BrCCl3 did not stop AdAd formation. However, sufficient evidence for the fate of 

adamanlyl radicals (Ad) in MeCN which would give AdH and AdCOMe was not obtaiFied. 

Reaction of 1,4-diphenylazomethane with thianthrene cation radical perchlorate in 

nitrile solvents led to the formation of 1,2,4-triazoles. The source of the triazole was the 

oxidative cycloaddition of benzaldehyde benzylhydrazone to solvent nitrile as shown in 

Scheme 1. 

In 1988, oxidative cycloaddition of arylhydrazones of benzaldehyde and 

butyraldehyde to nitriles (51) and oxidative intramolecular cyclization of chalcones and 

benzalacetones to pyrazoles (52), induced by the thianthrene cation radical were described. 

In contrast to previously-studied azoalkanes that undergo oxidative deazatation. It was 

found that DBO oxidatively forms an adduct in reaction with thianthrene cation radical 

(Equation 44) (12). 

Review of Phenoxathiin Cation Radical Chemistry 

Phenoxathiin cation radical (Ph"''-C104-) has been made by several methods. 

Phenoxathiin has been oxidized to its cation radical by concentrated sulfuric acid, and ESR 

characterization was carried out in the medium (53). The cation radical has also been made 

from both phenoxathiin and phenoxathiin 5-oxide by reaction with a variety of Lewis acids 

(AICI3, FeCl3, SbCl5, etc.) in haloalkane solvents (54). A common method for the 
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Scheme 1 

PhCH2N=NCH2Ph . PhCH=N-NHCH2Ph 

Th'^- + PhCH=N-NHCH2Ph . Th + (PhCH=N-NHCH2Ph)-^-

( PhCH-N-NHCH2Ph )^ ' + N = C - R -^ 

.N 
P h C H ^ ^ ^NHCH2Ph -H^ 

+ 
N=C-R 

H 

Ph C' 

N 

•N 
CH2Ph 

\ / 

N=C^ R 

Th^ 

Ph C 

\ / 
N = C ^ 

.CHoPh 

-I- Th + H^ 

•R 

l .R = Me; 2. R = Et 

/I 
ZL N + 

N 
-^^ 

Th^ • CIO4 

N CIO4 
( 4 4 ) 
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preparation of phenoxathiin cation radical is the oxidation of phenoxathiin by 70% 

perchloric acid in benzene and acetic anhydride to give crystalline phenoxathiin cation 

radical perchlorate (55). 

Most of the reactions of phenoxathiin cation radical studied so far have been with 

nucleophiles, such as ammonia (55), ketones (32) and alkylamines (56). Reaction of 

ammonia with phenoxathiin cation radical perchlorate produced phenoxathiin sulfilimine 

perchlorate (7) and the dimeric compound, 5,5-dihydro-5-(5-phenoxathiiniumylimino) 

0104- + 2NH3 

NH^ 

II 

j] CIO4 + NH4^C104 

-I-

( 45 ) 

CIO4 + 4NH3 

3NH4^C104 + 



IS 

phenoxathiin perchlorate (8) as shown in Equations 45 and 46. Reaction with ketones led, 

in most cases, to an a-ketoalkylsulfonium perchlorate and phenoxathiin in equimolar 

amounts as shown in Equation 47. The reactions of phenoxathiin cation radical are 

analogous to those of thianthrene cation radical. Phenoxathiin cation radical perchlorate 

reacts with alkylamines to form protonated N-alkylsulfilimine perchlorates and with 

dialkylamines to form N,N-dialkylaminosulfonium perchlorates. Phenoxathiin cation 

9 CIO4 + MeCOR CIO4 

+ I I + HCIO4 

( 4 7 ) 

radical perchlorate forms adducts with a number of alkenes and alkynes in excellent \ ields 

(33). Alkanedisulfonium diperchlorates were obtained from alkenes, while 

alkenedisulfonium perchlorates were obtained from alkynes. 

Chemistry of Azoalkanes 

Studies of the chemistry of azoalkanes have been made for over 70 years, but the 

richness of their chemistry has become apparent only during the past 10 years (57). Most 

azoalkanes lose nitrogen photochemically or thermally with relative ease to form radicals 



under a wide variety of conditions. The question of whether the rupture of the C-N bonds 

proceeds concertedly (a) or stepwise (b) is still being debated. A stepwise mechanism 

implies a diazenyl radical intermediate, whereas a concerted reaction requires that alkyl 

radicals and N2 be formed directiy and at the same rate (Scheme 2). 

Engel and co-workers (58) reported that irtadiation of trans-l,r-azoadamantane at 

65 ^C produces the cis isomer which undergoes loss of nitrogen and generates l-adamant\l 

radical. Furthermore they showed that the 1-adamanlyl radical gave not only the 

recombination product Ll'-biadamantane but also adamantane by abstracting hydrogen 

from saturated hydrocarbon solvents (59). 

Scheme 2 

\ 
N N 

\ 
R 

a 

- ^ -

2R- -h N; 

A 

R N = N R 

Azoalkanes possesing a-protons are isomerized by acid (60), base (60), moisture 

(61), light (60, 61), or free radicals (62) to their tautomers, the cortesponding hydrazones. 

In general, azoalkanes are less stable than the isomeric hydrazones. 

Chemistry of g.p-Unsaturated Oximes 

It is known that a,P-unsaturated oximes decompose at or above their melting points. 

At about 300 ^C, a,p-unsaturated oximes, such as chalcone oxime, benzalacetone oxiFiie, 
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and cinnamaldehyde oxime, give isoxazolines which then largely undergo cycloconversion 

yielding nitrile and ketone by 1,3-cleavage (Scheme 3) (63). 

Scheme 3 

R 
Ar -CR"=CR — ( ! : = N OH - ^ 

280 "C 
- ^ • RCN + ArCOCHRR 

The oxidative chemistry of a,p-unsaturated oximes is not very well known. Oxidative 

cyclizations of a,p-unsaturated ketoximes leading to the corresponding isoxazoles by a 

palladium complex [(Ph3P)2PdCl2] (64), iodine-potassium iodide in basic medium (65), 

and N-bromosuccinimide (66), have been reported (Equation 48). However, lead 

Ri 

H 
C C / 

R. 

HO 

C 
.R-

• ^ - (48) 

a, Ri=C6H5, R 2 - H , R3 = C6H5 

b, Ri=t-C4H9, R2 = H, R3 = C6H5 
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c, Ri=C6H5, R2 = CH3, R3 = i-C3H7 

d, Ri = P-ionone, Ri = R2 = H, R3 = CH3 

tetraacetate (LTA) oxidation of a,p-unsaturated oximes does not proceed via a single 

pathway. While LTA oxidation of cinnamaldehyde oxime gave nitrogen and an 89% yield 

of cinnamaldehyde (67), a,P-unsaturated steroidal oximes in dry benzene containing iodine 

and LTA yielded dimers (68). 



CHAPTER II 

EXPERIMENTAL SECTION 

Materials and Equipment 

Solvents, Reagents, and Purification Techniques 

Acetonitrile. Reagent grade acetonitrile from Eastman Kodak Company was used. 

The solvent was dried by distilling over phosphorous pentoxide under argon prior to use. 

Methylene chloride. Methylene chloride (EM Science, DX0831-1) was dried by 

distilling over phosphorous pentoxide under argon prior to use as a solvent for cation 

radical reactions. 

All other solvents, unless otherwise specified, were technical grades and were distilled 

prior to use. 

Silica gel. Either E. Merck reagent. Silica Gel F-254 (Type 60) or pre-coated PLC 

plates were used for thin layer or thick layer chromatography. For column 

chromatography, EM Silica Gel 60 (70-230 mesh ASTM) was used. 

Thianthrene. Fluka reagent grade Thianthrene, was purified by column 

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

crystallization from acetone to give material with mp 152-154 ^C 

N-Adamantylacetamide, N-cyanomethyl adamanlyl methyl ketimine, and adamanlyl 

methyl ketizine were obtained from Prof. P. S. Engel of Rice University. 

Adamantane, succinonitrile, 1-cyanoadamantane, and adamanlyl methyl ketone WCFC 

obtained from Aldrich Chemical Co. 

All arylaldehydes, arylketones, amines, hydrazines, sulfamides, and alcohols were 

obtained from chemical suppliers and used without further purification. 
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Irradiation Equipment 

Irtadiations were carried out in a Rayonet photochemical reactor. Type RS, equipped 

with seven 350-nm lamps. Cylindrical Pyrex tubes were used as vessels in the 

irradiations. 

Product Assay Equipment 

Quantitative and qualitative assay of products by gas chromatography (GC) was 

performed with a Varian FID gas chromatograph. Model 3700, attached to either a model 

CDSl 11 or model 4270 computer-integrator. The columns used were either a 15-m 

SE-30 Bondapak capillary column, or a 5-ft. x 1/8 in. stainless steel column, packed with 

OV-17 on WHP 80/100-mesh support. 

Quantitative analysis of products by GC was carried out with the use of authentic 

compounds and internal standards. Calculations were made as follows: concentratioFi 

factor = (Aa x 1000) / (1 x na) = Cp (of authentic compound), where, Aa = area of the peak 

of the authentic compound (obtained from GC integration); 1 = number of microliters 

injected and na = amount of the authentic compound in mmol/ml. The amount of the 

product in mmol = (Ap x V x 1000) / (1 x Cp), where, Ap = area of the peak of the product: 

V = total volume of the product solution (in ml); 1 = number of microliters injected and 

Cp = concentration factor for the authentic compound. 

Melting Points Apparatus 

Melting points were determined with a Mel-Temp apparatus and are uncorrected. 
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Spectrometrv Equipment 

iH NMR spectra were recorded with a Varian EM-360 60MHz spectrometer, or with 

IBM AF/200 or AF/300 FTNMR spectrometers. The chemical shifts (5) are reported in 

pcirts per million (ppm) down field from tetramethylsilane (TMS), and the coupling 

constants (J) are reported in Hz. The following notations are used for multiplicity: s -

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

Infrared (IR) spectra were taken on a Nicolet MX-S FT-IR spectrophotometer, using 

KBr pellets as the medium. 

Ultraviolet and visible spectra were taken on either a Shimadzu UV-265 or a Perkin-

Elmer Lambda 5 spectrophotometer. 

Mass Spectra were taken on a Hewlett-Packard GC-Mass Spectrometer, Model 5995. 

Elemental Analyses 

All elemental analyses were performed by Desert Analytics, Tucson, Arizona. 

Preparation of Thianthrene Cation Radical Perchlorate 

To a solution of 0.50 ml of 72% perchloric acid in 33.0 ml of acetic anhydride was 

added a solution of 1.00 g (4.60 mmol) of thianthrene in 66.0 ml of carbon tetrachloride. 

The reaction mixture was then allowed to stand for 24 hours in the dark at room 

temperature. Dark purple crystals were formed and were collected by filtration and washed 

with carbon tetrachloride until the washings were colorless. The product 1.30 g (3.90 

mmol, 86%) was dried under high vacuum and was stored under vacuum for short periods 

before use. The purity was determined iodometrically, and was always close to 100%. 

Warning : Th+-C104" has proved to be extremely hazardous. A freshly made batch of 1-2 u 

exploded violently after being dried by suction and when being transferted to a petri dish 



from the sintered-glass filter. Explosion may have been initiated by the friction of traFisler 

or by rubbing with a glass rod. 

Preparation of Phenoxathiin Cation Radical Perchlorate 

To a solution of 0.50 ml of 72% perchloric acid in 20 ml of acetic anhydride was 

added a solution of 1.10 g (5.49 mmol) of phenoxathiin in 70 ml of carbon tetrachloride. 

The mixture was stirred overnight at room temperature and was filtered. The crystalline 

phenoxathiin cation radical perchlorate was washed with carbon tetrachloride and dried 

under vacuum to give 1.03 g (3.44 mmol, 62.7%) of phenoxathiin cation radical 

perchlorate. The purity of the cation radical, which was determined iodometrically, was 

92-93%. 

lodometric Assay of Cation Radical Purity 

Preparation of 0.1-N Sodium Thiosulfate Solution 

One liter of distilled water was boiled at least 5 minutes. After cooling, 18.6 g 

(0.118 mol) of sodium thiosulfate and 0.1 g of sodium carbonate were added. The mixiui 

was stirred until the solution was complete, transferred to a clean stoppered glass bottle, 

and stored in the dark. 

Standardization of Sodium Thiosulfate Against Potassium lodate 

Potassium iodate (0.24 g, 1.12 mmol) was weighed (to the nearest 0.1 mg) into a 

100-ml volumetric flask and dissolved in water. After the iodate had dissolved, 2.02 g 

(0.012 mol) of iodate-free potassium iodide and 10 ml of 1.0-N hydrochloric acid were 

added, and the solution was diluted to the mark with water. A 50-ml aliquot of this 

solution was used for standardization. The solution of potassium iodate was titrated 
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immediately with thiosulfate until the color of the solution became pale yellow. After 

adding 5 ml of starch indicator solution, titration was continued until the blue color 

disappeared. 

Determination of Cation Radical Purity 

A precise amount of cation radical was dissolved in 20 ml of methylene chloride and 

an excess of aqueous potassium iodide solution was added. The liberated iodine was 

titrated with 0.01-N sodium thiosulfate solution until the color of the solution became pale 

yellow. After adding the starch solution, the cation radical solution was titrated until the 

blue color disappeared. 

Preparation of Tris(p-bromophenyl)aminium 
Hcxafluoroantimonate 

Tris(p-bromophenyDamine (TBPA) 

To a stirred solution of 9.00 g (0.036 mmol) of triphenylamine in 30 ml of 

chloroform was added drop wise with stirring a solution of 6.0 ml (0.117 mol) of bromine 

in 10 ml of chloroform at a temperature below 10 ̂ C. The resulting solution was stirred 

overnight at room temperature and evaporated to dryness with a rotary evaporator. The 

solids were triturated with methanol. The undissolved solid was filtered and washed with 

methanol to give 16.9 g (0.035 mol, 97.2%) of tris(p-bromophenyl)amine. The amine was 

recrystallized from chloroform, to give a solid with mp 145-146 ^C [lit. (69) mp 144.5-

146.5 OC]. ^H NMR (CDCI3) 6: 6.8-7.5 (m, 12H, aromatic). 

Ti-isfp-bromophenvDaminium Hexafluoroantimonate 

Powdered silver hexafluoroantimonate (0.486 g, 1.41 mmol) was dissolved in 25 ml 

of methylene chloride in a 3-necked flask fitted with a mechanical stirrer, a dropping 
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funnel, a nitrogen inlet tube, and an exit tube containing calcium chloride. After tris(p-

bromophenyl)amine (0.485 g, 1.01 mmol) was added, the mixture was flushed with 

nitrogen and stirred for 1 hour. During this time the color of the solution changed to deep 

blue. The flask was cooled to -30 ^C and a solution of 0.211 g (0.831 mmol) of 

resublimed iodine in 30 ml of dry diethyl ether was added drop wise. Deep blue crystals 

began to appear during the addition. The mixture was finally allowed to warm to rooFii 

temperature before rapid filtration on a coarse sintered glass funnel. This gave a mixture of 

precipitated silver iodide and crude solid aminium hexafluoroantimonate. The latter was 

extracted with 25 ml of dry methylene chloride. The extract was then poured into a 4-fold 

excess of cold dry diethyl ether to precipitate the aminium salt, which was filtered off afier 

the mixture had warmed to room temperature. Final traces of solvent were removed under 

vacuum. The deep blue crystals (0.415 g, 0.578 mmol, 57.2%, mp 181-183 ^C) were 

stored under vacuum before use. 

Preparation of Tris(p-bromophenyl)aminium Perchlorate 

Powdered silver perchlorate (0.738 g, 3.56 mmol) was dissolved in 60 ml of dry 

diethyl ether in a 3-necked flask fitted with a mechanical stirter, a dropping funnel, a 

nitrogen inlet lube, and an exit tube containing calcium chloride. After tris(p-

bromophenyl)amine (1.20 g, 2.49 mmol) was added, the mixture was flushed with dry 

nitrogen and stirred for an additional 10 minutes to effect complete homogeneity. The flask 

was then cooled to -30 ^C and a solution of resublimed iodine (0.523 g, 2.06 mmol) in 

10 ml of dry, nitrogen-flushed diethyl ether was added dropwise during 10 minutes. Deep 

blue crystals began to appear during the addition. The mixture was stirred for 10 hours and 

was finally allowed to warm to room temperature before rapid filtration on a coarse sintered 

glass funnel. This gave a mixture of precipitated silver iodide and crude solid aminium 
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perchlorate. The latter was extracted with 25 ml of dry methylene chloride. It was 

essential to avoid contamination by water at this stage to get a pure product. The extract 

was then poured into a 4-fold excess of cold (-20 ^C), dry diethyl ether to precipitate the 

aminium salt, which was filtered after the mixture had warmed to room temperature. Final 

traces of solvent were removed under vacuum at room temperature, and dark brown 

crystals (0.403 g, 0.693 mmol, 27.8%, mp 213-218 ^C) were obtained. 

Preparation of Tris(p-bromophenyl)aminium 
Hexachloroantimonate 

To a stirted solution of 2.40 g (4.98 mmol) of tris(p-bromophenyl)amine in 10 ml of 

methylene chloride was added slowly with stirring a solution of 1 ml of antimony 

pentachloride in 10 ml of methylene chloride. The reaction was instantaneous and the 

resulting deep blue mixture was poured into 30 ml of dry diethyl ether. The blue precipitate 

was filtered, washed thoroughly with dry diethyl ether, and dried under high vacuuFii to 

give 3.78 g (4.63 mmol, 93.0%) of product with mp 145-147 ^C. 

Preparation of Ll'-Azoadamantane 

1-Adamantyl Sulfamide 

Into a 3-necked, 1-L flask fitted with a low temperature thermometer, a dropping 

funnel, and a condenser were placed 24.8 g (0.164 mol) of 1-aminoadamantane, 24.9 g 

(0.246 mol) of freshly distilled triethylamine and 400 ml of dry methylene chloride. The 

mixture was cooled to -55 ^C in a dry ice-acetone bath and a solution of sulfuryl chloride 

(22.6 g, 0.169 mol) in 100 ml of dry methylene chloride was slowly added. The reaction 

mixture turned white as solid formed. Addition was done slowly to minimize fog 

formation above the solution and the temperature was controlled to be below -55 ^C. The 

mixture was next stirred below 0 ^C for 4 hours, allowed to warm to room temperature. 
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and was stirred overnight. The solution was washed three times with a total of 200 ml of 

5% HCl, washed with two 10-mI portions of water, dried over magnesium sulfate, filtered, 

and evaporated to give white sohd. Recrystallization from 95% ethanol gave 12.5 g 

(0.034 mol, 82.9%) of 1-adamantylsulfamide, mp 244-245 ^C (dec.) [lit. (70) mp 245-

247 oc (dec.)J. 

1,1 '-Azoadamantane (AdN=NAd or AA) 

Into a 1-L, 3-necked flask equipped with a mechanical stirter were placed 12.5 g 

(0.034 mol) of 1-adamanlyl sulfamide and 240 ml of hexane. After adding several drops 

of the phase transfer catalyst "Aliquat 336" (tricaprylyl methyl ammonium chloride), 250 

FTil of commercial "Chlorox" bleach and 4.4 g of potassium hydroxide pellets, the reaction 

mixture was vigorously stirred for 3 days until the two immiscible layers were clear. The 

hexane layer was separated and the organic product in the aqueous layer was extracted w iih 

three 100-ml portions of hexane. The hexane layer and combined hexane extracts \\ ere 

dried with anhydrous potassium carbonate, filtered, and evaporated to give a pale yellow 

solid. Recrystallization from absolute ethanol gave 8.29 g (0.027 mol, 81.77c) of 

l,r-azoadamantane, mp 280-284 OC [lit. (71) mp 280-285 OC]. MS, m/e (relative 

intensity, %): 270 (0.4, AdAd), 136 (44, AdH), 135 (100, Ad+), 107 (51), 93 (94), 79 

(98), 67 (63), 55 (33), 41 (63). UV (CH3CN) Xmsix- 366 nm (e 15.7). 

Preparation of LI -Biadamantane (AdAd) 

1-Bromoadamantane (5.31 g, 0.025 mol) was dissolved in 50 ml of xylene and healed 

to reflux under a slow stream of argon in a 3-necked flask fitted with a mechanical stirter, 

argon inlet tube and reflux condenser. Next, a total of 0.6 g of sodium metal in small 

pieces was added to the stirted reaction mixture over a period of 3 hours. After all of the 
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sodium had been added, the mixture was refluxed for an additional hour and filtered while 

hot. After being cooled to room temperature, the filtrate was dried and evaporated to gi\e 

0.534 g (1.97 mmol, 15.8%) of product with mp 287-289 ^C [lit. (72) mp 288-289 ^C]. 

MS, m/e (relative intensity, %): 271 (9), 270 (43, M+), 136 (32), 135 (100, Ad+), 134 

(99), 107 (24), 93 (63), 79 (80), 67 (34), 55 (24), 41 (45). ^H NMR (CDCI3) 5: 2.1-1.8 

(br, 6H), 1.7-1.5 (br, 24H) 

Preparation of 1.4-Diphenylazomethane 

Benzalazine (PhCH^N-N^CHPh^ 

Benzaldehyde (244 g, 2.30 mol) and hydrazine monohydrate (55.1 g, 1.10 mol) were 

refluxed for 6 hours in 300 ml of ethanol containing glacial acetic acid (5% by wt. of the 

amount of benzaldehyde). On cooling, the solution deposited yellow crystals. The solid 

was filtered and dried under high vacuum to give 118 g (0.57 mol, 49.6%) of the azine. 

The azine was recrystallized from ethanol to give the product with mp 92-93 ^C [lit. (73) 

mp 93 OC]. 

N,N'-Dibenzvlhvdrazine 

Benzalazine (10.0 g, 0.048 mol) in 150 ml of diethyl ether was hydrogenated in a Parr 

hydrogenator under 30-50 p.s.i of H2 and over 10.3% Pd/Charcoal (5% by wt. of the 

amount of the azine) as catalyst. The hydrogenation was continued overnight. After 

removing the catalyst by filtration, a colorless solution of the hydrazine was obtained. This 

solution was used for the preparation of 1,4-diphenylazomethane without further 

purification. 



1.4-Diphenvlazomethane (PhCH9N=NCH9Ph) 

The N,N'-dibenzylhydrazine in diethyl ether solution was oxidized by stirring with a 

3-M excess of commercial yellow mercuric oxide for 24 hours. The mixture was kept 

below 20 ^C during this time. The ether solution was filtered, dried over anhydrous 

magnesium sulfate and evaporated. The product was recrystallized from methanol to give 

3.56 g (16.9 mmol, 35.2%) of light yellow solid with mp 31-33 ^C [lit. (74) mp 32-

34 OC]. 1 H NMR (CDCI3) 5: 7.25 (s, lOH, aromatic), 4.95 (s, 4H, -CH2-). UV 

(CH3CN) :^max: 291 nm (e 5400). 

Preparation of Benzvl Meihvl Ketone 

Preparation of Chromic Acid Solution 

A solution of 10.0 g (0.033 mol) of sodium dichromate dihydrate in 30 ml of water 

was added slowly to 7.3 ml (0.134 mmol) of concentrated sulfuric acid. The solution was 

cooled and diluted to 50 ml with water. 

Benzyl Methvl Ketone 

To a stirred solution of 6.45 g (0.047 mmol) of l-phenyl-2-propanol in 20 ml of 

diethyl ether was added dropwise 23 ml (0.015 mmol) of chromic acid solution. The 

resulting solution was stirted overnight and extracted with diethyl ether (4 x 30 ml). The 

combined ether extracts were washed with 10 ml of saturated sodium bicarbonate solutioFi 

and sodium chloride solution separately, dried, and distilled under reduced pressure to give 

3.73 g (0.028 mol, 59.6%) of product, bp 115 ^C ( 25 mm) [lit. (75) bp 112 ©C (24 

mm)]. 1 H NMR (CDCI3) 5: 7.5-7.3 (m, 5H, aromatic), 3.55 (s, 2H, -CH2-), 2.0-1.9 (s 

3H, methyl). IR (KBr pellet): 1700 cm'l 
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Preparation of Benzaldehvde Hvdrazones 

Benzaldehvde Phenvlhvdrazone 

Benzaldehyde (21.3 g, 0.201 mol) and phenylhydrazine (32.6 g, 0.301 mol) were 

refluxed for 4 hours in 50 ml of ethanol 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 dried under high vacuum to give 

36.1 g (0.173 mol, 86.1%) of product. The hydrazone was recrystallized from ethanol to 

give the product with mp 156-157 ^C [lit. (76) mp 156-158 ^C]. 

Benzaldehvde Benzylhydrazone 

A solution of 1.18 g ( 0.011 mol) of benzaldehyde and 3.00 g ( 0.015 mol) of 

benzylhydrazine dichloride in 25 ml of ethanol was refluxed for 2 days. The solvent was 

removed and the residue was recrystallized from ethanol and dried under high vacuum to 

give 1.00 g (4.76 mmol, 43.3%) of the hydrazone with mp 74-75 ^C [lit. (77) mp 73-

75 OC). MS, m/e (relative intensity, %): 211 (16), 210 (100, M+), 207 (21), 119 (27, 

C6H5CH=NNH+), 91 (96, C6H7+), 77 (36, C6H5+), 65 (40), 51 (31). iH NMR 

(CDCI3) 5: 9.10 (s, IH, -CH=N-), 8.00-7.75 (m, lOH, aromatic), 4.80 (s, 2H,-CH2-). 

The -NH peak was not observed in the NMR spectrum. UV (CH3CN) Xmux- 290 nm (e 

4857). 

Prepciration of Oximes 

Benzalacetone Oxime 

To a mixture of benzalacetone (4.98 g, 0.034 mol), hydroxylamine hydrochloride 

(5.01 g, 0.072 mol), and potassium hydroxide (15.0 g, 0.268 mol) was added 100 ml of 

95% ethanol. When addition was complete, the mixture was refluxed for 5 hours, cooled. 
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and poured into 250 ml of 16% HCl solution. The mixture was allowed to stand to pemiit 

the oxime to crystallize. The precipitate was filtered, washed with water thoroughly, and 

dried. The product was recrystallized from aqueous ethanol to give 2.27 g (0.014 mol, 

41.2%) of the syn oxime with mp 114-116 ^C [Ht. (78) mp 115-116 ^C]. MS, m/e 

(relative intensity, %): 161 (0.8, M+), 159 (94), 105 (87, C6H4CH2CH2+), 77 (100, 

C6H5+), 51 (74). 1 H NMR (CDCI3) 5: 7.46-7.23 (m, 5H, aromatic), 6.91-6.85 (d, IH, 

vinyl, J = 16.5), 6.83-6.77 (d, IH, vinyl, J = 16.5), 2.12 (s, 3H). The =N-OH peak was 

not observed in the NMR spectrum. 

4-Chlorobenzalacetone Oxime 

To a magnetically stirted solution of 5.01 g (0.028 mol) of 4-chlorobenzalacetone in 

50 ml of 95% ethanol was added a solution of 3.85 g (0.054 mol) of hydroxylamine 

hydrochloride and 1.11 g (0.028 mol) of sodium hydroxide in 50 ml of water. The 

reaction mixture was stirted for 24 hours at room temperature and poured into 500 ml of 

cold water. The mixture was allowed to stand in the refrigerator to crystallize. The 

precipitate was filtered, washed with water thoroughly, and dried. The product w as 

recrystallized from 95% ethanol to give 1.69 g (8.67 mmol, 31.0%) of a mixture of syn 

and and oximes with mp 110-113 ^C [lit. (79) syn: mp 129-131 ^C, ami: mp 144-146 ^C]. 

MS, m/e (relative intensity, %) : 196 (4), 195 (34, M+), 194 (12), 193 (99), 141 (34), 139 

(100, C1C6H4CH2CH2-^), 113 (26), 111 (72, CIC6H4+), 75 (99), 50 (69). ^H NMR 

(CDCI3) 5: 8.76-8.73 (s, IH, oxime), 7.49-7.30 (m, 4H, aromatic), 2.13-2.12 (s, 

methyl), 6.88-6.83 (d, IH, syn, vinyl, J = 16.5), 6.82-6.76 (d, IH, syn, vinyl, J = 16.5), 

7.59-7.54 (d, IH, anti, vinyl, J = 16.5), 6.92-6.86 (d, IH, and, vinyl, J = 16.5). This 

mixture was used without separation of the isomers. 
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Cinnamaldehvde Oxime 

To a magnetically stirted solution of 5.63 g (0.043 mol) of cinnamaldehyde in 100 ml 

of 95% ethanol was added a solution of 4.50 g (0.065 mol) of hydroxylamine 

hydrochloride in 10 ml of pyridine. The reaction mixture was refluxed for 3 hours and 

solvents were evaporated in vacuo. The residue was diluted with 20 ml of water and the 

precipitated oxime was filtered. The oxime was recrystallized from benzene to give 953 mg 

(6.47 mmol, 15.1%) of a mixture of syn and anti oximes with mp 108-110 ^C [lit. (80) 

syn: mp 72-73 ^C, anti: mp 137-138 oC]. MS, m/e (relative intensity, %) : 146 (0.7), 145 

(70.5), 132 (0.6), 130 (11), 129 (100, C6H5CH=CHCN), 128 (25), 105 (71, 

C6H5CH2CH2+), 102 (48), 78 (24), 77 (71), 76 (18), 63 (24), 51 (69), 50 (39). ^HNMR 

(CDCI3) 5: 9.01-8.95 (s, IH, oxime), 7.54-7.51 (m, IH, H-C=N, J = 7.5), 7.49-7.27 

(m, 5H, aromatic), 7.40-7.35 (d, IH, vinyl, J = 15.9), 6.91-6.85 (d, IH, vinyl, J = 16). 

This mixture was used without separation of the isomers. 

2-Nitrocinnamaldehvde Oxime 

A solution of 3.85 g (0.055 mol) of hydroxylamine hydrochloride and 1.11 g 

(0.028 mol) of sodium hydroxide in 50 ml of water was added to 4.95 g (0.028 mol) of 

2-nitrocinnamaldehyde in 50 ml of 95% ethanol. The reaction mixture was stirted 

overnight at room temperature and diluted with 500 ml of cold water. The precipitate was 

filtered, washed with water thoroughly, and dried under vacuum. The product was 

recrystallized from benzene to give 2.87 g (0.015 mol, 53.6%) of a mixture of syn and anti 

oximes with mp 132-135 ^C [lit. (81) anti: mp 134 ^C, syn: mp 138 oC]. MS, m/e 

(relative intensity, %): 175 (1), 174 (7, N02C6H4CH=CH-CN), 119 (49), 116 (49), 104 

(10), 101 (67), 92 (100, C6H4NH2+), 89 (95), 77 (69), 76 (47, C6H4+), 75 (77), 65 

(16), 63 (49), 51 (98), 50 (71). ^H NMR (CD3COCD3) 6: 10.6-10.5 (s, IH, =N-OH), 
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8.05-7.33 (m, 5H, aromatic and vinyl), 121-122 (d, IH, H-C=N), 6.98- 6.89 (q, IH, 

vinyl, J = 16.0). This mixture was used without separation of the isomers. 

Chalcone Oxime 

To a mixture of chalcone (4.20 g, 0.202 mol), hydroxylamine hydrochloride (2.13 g, 

0.031 mol), and barium carbonate (1.80 g, 0.009 mol) was added 40 ml of 95% ethanol, 

and the mixture was refluxed overnight. After removal of the ethanol under vacuum, the 

residue was washed with water and extracted with diethyl ether. The ether solution was 

dried over anhydrous magnesium sulfate, filtered, and evaporated to give a solid which 

was recrystallized from 95% ethanol twice to give 2.42 g (0.011 mol, 55.0%) of white 

crystals with mp 114-116^0 [lit. (82) mp 114-116^0]. MS, m/e (relative intensity, %): 

223 (2, M+), 222 (22), 221 (100), 220 (32), 193 (17), 165 (11), 144 (33), 105 (99, 

C6H5CH2CH2+), 89 (36), 77 (100, C6H5+), 63 (32), 51 (97, C4H3+), 50 (34). 1H 

NMR (CDCI3) 5: 7.69-7.64 (d, IH, vinyl, J = 16.6), 6.82-6.76 (d, IH, vinyl, J = 16.6), 

7.53-7.31 (m, lOH, aromatic). The =N-OH peak was not observed in the NMR spectrum. 

4-MethoxvchaIcone Oxime 

A solution of 2.13 g (0.031 mol) of hydroxylamine hydrochloride and 1.80 g 

(0.009 mol) of barium carbonate in 30 ml of 95% ethanol was added to 4.20 g (0.017 mol) 

of 4-methoxychalcone in 20 ml of 95% ethanol. The reaction mixture was refluxed 

overnight. After removal of the ethanol under vacuum, the residue was washed with water 

and extracted with diethyl ether. The ether solution was dried over anhydrous magnesium 

sulfate, filtered, and evaporated under vacuum to give a solid which was recrystallized 

from 95% ethanol to give 1.73 g (6.84 mmol, 40.2%) of white crystals with 

mp 119-121 oC[lit. (82) 119-120 ^C]. MS, m/e (relative intensity, %): 253 (1, M+), 252 
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(9), 251 (52), 135 (100, C6H5CH2CH2+), 92 (17), 77 (35, C6H5+), 51 (13, C4H3+), 

50 (7). «H NMR (CDCI3) 6: 3.92 (s, 3H, -OCH3), 6.79-6.70 (d, IH, vinyl, J = 16.5), 

7.59-7.52 (d, IH, vinyl, J = 16.5), 7.54-6.84 (m, 9H, aromatic). The =N-OH peak was 

not observed in the NMR spectrum. 

Preparation of Isoxazoles 

3-Methyl-5-phenylisoxazole 

To a stirted solution of 5.02 g (0.031 mol) of 1-benzoylacetone in 300 ml of 95% 

ethanol was added a solution of 2.14 g (0.031 mol) of hydroxylamine hydrochloride and 

6.38 g (0.046 mol) of potassium carbonate in 20 ml of water. After refluxing the solution 

for 6 hours, most of ethanol was removed under vacuum. The residue was then extracted 

with 150 ml of diethyl ether. The combined ether extracts were washed with water, dried 

over anhydrous magnesium sulfate and evaporated. The product was recrystallized from 

aqueous ethanol mixture to give 2.58 g (0.016 mol, 51.6%) of white crystals with mp 61-

63 OC [lit. (83) mp 62-63 ^C]. MS, m/e (relative intensity, %): 159 (100, M+), 130 (18, 

C9H8N+), 105 (93, C6H5CO+), 104 (28), 82 (32), 77 (91, C6H5+), 51 (64). ^H NMR 

(CDCI3) 5: 7.8-7.3 (m, 5H, aromatic), 6.35 (s, 1H,-C=C-H), 2.34 (s, 3H, methyl). 

5-Chlorophenvl-3-methvlisoxazole 

5-Chlorophenvl-3-methvl-2-isoxazoline. A solution of 5.40 g (0.072 mol) of 

nitroelhane and 3 ml of triethylamine in 20 ml of anhydrous benzene was added dropwise 

to a solution of 10.0 g (0.072 mol) of 4-chlorostyrene and 16.7 g (0.14 mol) of phenyl 

isocyanate in 30 ml of anhydrous benzene. The mixture was stirted for 1 hour at room 

temperature and then refluxed for 3 hours. The precipitate, diphenyl urea, was filtered and 
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the solvent was evaporated from the filtrate to give 8.33 g (0.043 mol, 59.7%) of product 

with mp 73-76 ^C [lit. (84) mp 75-77 ^C]. This product was used without purification. 

5-Chlorophenvl-3-methylisoxazole. A solution of 5-chlorophenyl-3-methyl-2-

isoxazoline (8.03 g, 0.041 mol), N-bromosuccinimide (8.99 g, 0.050 mol) and a catalytic 

amount of a,a'-azobisisobutyronitrile in 50 ml of CCI4 was refluxed for 4 hours. The 

precipitate of succinimide was filtered. After evaporating the filtrate under vacuum , 50 ml 

of triethylamine was added to the residue. The mixture was refluxed for 24 hours. 

Removal of triethylamine under vacuum left a solid residue which was purified by column 

chromatography on siHca gel with benzene as eluent to give 1.79 g (9.27 mmol, 22.6%) of 

product with mp 90-92 ^C [lit. (84) mp 91-92 ^C]. MS, m/e (relative intensity, %): 195 

(29), 194 (11), 193 (93, M+), 164 (12, C9H7NCI+), 139 (98, CIC6H4CO+), 138 (34), 

113 (24), 111 (79, CIC6H4+), 82 (65), 76 (23, C6H4+), 75 (100), 50 (69). ^H NMR 

(CDCI3) 5: 7.72-7.26 (m, 4H, aromatic), 6.35 (s, IH, -C=C-H), 2.35 (s, 3H, methyl). 

5-Phenvlisoxazole 

3-(Dimethvlamino)-acrvlophenone. A solution of 10.0 g (0.083 mol) of acetophenone 

in 14.0 g (0.117 mol) of N,N-dimethylformamide dimethyl acetal was refluxed for 

20 hours. After cooling, the precipitate was filtered and dried under vacuum to give 11.8 g 

(0.067 mol, 80.7%) of yellow crystals with mp 89-92 ^C [lit. (85) mp 85 ^C]. This 

compound was used without purification. 

5-Phenvlisoxazole. To a solution of 7.56 g (0.043 mol) of 3-(dimethylamino)-

acrylophenone in 100 ml of methanol at 0 ^C was added a solution of 4.96 g (0.044 mol) 

of hydroxylamine-O-sulfonic acid in 40 ml of methanol over a period of 5 minutes. After 

being stirted at room temperature for 40 minutes, the reaction mixture was poured into a 

mixture of 400 ml of saturated sodium bicarbonate solution and 200 ml of ice-water. After 
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(0.021 mol, 48.8%) of product, which soHdified in the refrigerator but began to melt at 

room temperature [lit. (86) mp 23 oC]. MS, m/e (relative intensity, %): 146 (22), 145 

(100, M+), 105 (99, C6H5CO+), 90 (46), 77 (99, C6H5+), 76 (12), 63 (44), 51 (98, 

C4H3+), 50 (66), 39 (44). 1 H NMR (CDCI3) 5: 8.23 (d, IH, -N=CH), 7.82-7.41 (m, 

5H, aromatic), 6.50 (d, IH, -C=C-H). 

3.5-Diphenvlisoxazole 

3-Azido-2-iodo-L3-diphenyl-l-propanone. To a stirred slurry of 7.0 g (0.108 mol) 

of sodium azide in 100 ml of acetonitrile in a methanol-ice cold bath was added slowly 

9.2 g (0.057 mol) of iodine monochloride over a period of 20 minutes. The reaction 

mixture was stirted for an additional 10 minutes and, after 10.4 g (0.05 mol) of chalcone 

was added, allowed to warm to room temperature and stirred for 20 hours. The crude 

reaction mixture was poured into 250 ml of 5% Na2S203 solution, and the precipitate was 

filtered and air-dried to give 18.6 g (0.049 mol, 98%) of product with mp 89-93 ^C |lit. 

(87) mp 100-103 ^C]. This compound was used without purification. 

3.5-Diphenvlisoxazole. To a flask containing 7.52 g (0.02 mol) of 1-phenyl-1-azido-

2-iodo-3-phenyl-3-propanone was added 2.24 g (0.02 mol) of 1,4-diazabicyclo [2.2.2]-

ociane in 80 ml of dry benzene. The sealed flask was wrapped in aluminum foil and placed 

in a dark drawer for 50 hours. Removal of the benzene under vacuum while protecting 

from light left a solid residue which was recrystallized from benzene-cyclohexane to give 

1.20 g (5.43 mmol, 27.2%) of product with mp 142-144 ^C [lit. (87) mp 142-143 «C ]. 

MS, m/e (relative intensity, %): 222 (16), 221 (94, M+), 220 (28), 193 (14, C14H11N), 

144 (28, C9H6NO+), 116 (12, CgHeN^), 106 (16), 105 (100, C6H5CO+), 89 (24, 
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C7H5+), 77 (99, C6H5+), 63 (20), 51 (63, C4H3+). ^H NMR (CDCI3) 5: 7.96-7.45 (m, 

lOH, aromatic), 6.83 (s, 1H,-C=C-H). 

3-Phenvl-5-(p-methoxvphenyl)isoxazole 

4-Methoxvchalcone. A solution of 4.80 g (0.04 mol) of acetophenone, 5.44 g 

(0.04 mol) of p-anisaldehyde, and 1.6 g (0.04 mol) of sodium hydroxide in 50 ml of 95% 

ethanol was stirred at room temperature for 5 hours. The solid was filtered, washed with 

water, and dried under vacuum to give 6.38 g (0.027 mol, 67.5%) of Hght yellow crystals 

with mp 74-77 ^C [lit. (88) mp 75-77 ^C]. This compound was used without purification. 

3-Phenvl-5-(p-methoxyphenyl)isoxazole. 4-Methoxychalcone (4.76 g, 0.02 mol) was 

dissolved in 100 ml of diethyl ether and bromine was added dropwise to the stirted solutioFi 

until the bromine color persisted. After partial removal of the ether, the resulting white 

crystals were filtered and dried to give a dibromide (4.08 g, 0.01 mol, 51.3%). The 

dibromide (4.08 g, 0.01 mol) was used directly by suspending it in 80 ml of 95% ethanol 

to which 1.43 g (0.021 mol) of hydroxylamine hydrochloride dissolved in 10 ml of water 

was added. The solution was refluxed for 30 minutes. To the hot solution, 3.5 g 

(0.062 mol) of potassium hydroxide dissolved in 7 ml of water was added dropwise, 

during which time crystals started to appear. The reaction mixture was allowed to cool and 

was filtered. The solid was washed with water, dried, and recrystallized from 95% 

ethanol to give 510 mg (2.03 mmol, 10.2%) of white solid with mp 125-127 ^C [lit. (89) 

mp 125-126 OC). ^H NMR (CDCI3) 5: 7.89-6.98 ( m, 9H, aromatic), 6.72 (s, IH, -C=C-

H), 3.87 (s, 3H, -OCH3). 
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Preparation of Oxazole 

2-Methvl-5-phenvloxa7ole 

A mixture of 2-aminoacetophenone hydrochloride (1.67 g, 9.73 mmol), p-toluene 

sulfonic acid (50.3 mg, 0.264 mmol), and triethylorthoacetate (40.5 g, 0.249 mol) was 

heated in a 250-ml, round-bottomed flask until the internal temperature of the reaction 

mixture reached 140 ^C. A reflux condenser was fitted to the flask and the mixture was 

refluxed for 17 hours until TLC showed that the 2-aminoacetophenone hydrochloride had 

been consumed. The excess of triethylorthoacetate was removed with a rotary evaporator, 

and the residue was taken up into 50 ml of toluene. The mixture was extracted with three 

25 ml portions of 6M HCl. The combined acid extracts were made basic with solid sodium 

carbonate, and the aqueous mixture was extracted three times with a total of 75 ml of 

chloroform. The combined chloroform extracts were dried over magnesium sulfate, 

filtered, and evaporated under vacuum. The product was recrystallized from hexane to give 

216 mg (1.36 mmol, 14.0%) of product with mp 53-55 ^C [lit. (90) mp 54-55 ^C]. MS, 

m/e (relative intensity, %): 159 (100, M+), 130 (67), 105 (25, C6H5CO+), 104 (83), 90 

(33), 77 (65, C6H5+), 54 (34), 51 (53), 43 (21). ^H NMR (CDCI3) 5: 7.57-7.28 (m, 5H, 

aromatic), 7.19 (s,lH, -C=CH-N-), 2.51 (s, 3H, methyl). 

Preparation of 2-Nitrocinnamonitrile 

A solution of 0.972 g (5.06 mmol) of 2-nitrocinnamaldehyde oxime in 7 ml of acetic 

anhydride was refluxed for 1 hour. After cooHng the solution, the excess of acetic 

anhydride was decomposed by shaking with aqueous sodium carbonate solution, and the 

precipitated product was recrystallized from 95% ethanol twice to give 0.500 g 

(2.87 mmol, 56.7%) of pale yellow 2-nitrocinnamonitrile with mp 88-90 ^C [lit. (91) mp 

93.5 OCJ. MS, m/e (relative intensity, %): 175 (1), 174 (0.9, M+), 157 (20), 128 (14), 
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119 (56), 116 (60), 101 (60), 92 (100, C6H4NH2+), 91 (35), 89 (83), 77 (57, C6H5-), 

75 (57), 63 (40), 51 (73, C4H3+), 50 (57). 1 H NMR (CD3COCD3) 5: 8.15-7.68 (m, 

4H, aromatic), 7.99-7.90 (d, IH, vinyl, J = 16.5), 6.36-6.30 (d, IH, vinyl, J = 16.5). 

Photochemical Reaction of Ll'-Azoadamantane 

in Acetonitrile 

Photolyses were carried out by irradiating the solution of Ll'-azoadamantane in 

acetonitrile at ambient temperature with seven U-shaped 350-nm lamps in a Rayonet 

photochemical reactor containing a "Merry-Go-Round" accessory for rotating irtadiation 

vessels. One of two procedures of irtadiation was generally chosen; one procedure was 

for monitoring the course of photodecomposition by GC and the other for analyzing the 

products quantitatively. 

Monitoring Decomposition bv GC 

A solution of l,r-azoadamantane in 100 ml of acetonitrile in a cylindrical 

septum-capped Pyrex irradiation tube was degassed by two cycles of freeze-thaw vacuum-

line technique with liquid nitrogen. The tube was placed in the Rayonet reactor, and 

irtadiated. At 10-hour intervals irradiation the photolysis was stopped and a 1.0-ml aliquot 

of the solution was withdrawn by syringe for monitoring by GC. GC analysis employetl a 

5-ft. X 1/8 in. stainless steel column, packed with OV-17 on WHP 80/100-mesh support 

and programming of the column oven from 50 to 260 ^C at 10 degree/min. When the 

complete disappearance of 1,1'-azoadamantane was observed, irradiation was stopped. 

Total time of the irradiation was 70 hours. 
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Irtadiation Product Analvsis 

A solution of a weighed amount of l,r-azoadamantane in 100 ml of acetonitrile, 

prepared in the same way as above, was irradiated in a sealed Pyrex tube for the period of 

time (70 h) determined earlier by GC monitoring that insured complete disappearance of the 

1,1'-azoadamantane. After completion of the photolysis, the Pyrex tube was opened and 

the reaction mixture was analyzed by GC once with and once without concentrating the 

solution. Good separations were obtained with a 5 ft x 1/8 in. stainless-steel column 

packed with 10% OV-17 on 80/100 Gas-Chrom Q II and the column oven programmed 

from 50 to 260 ^C (Table 1). Portions of this solution were used for identification of 

products by GC-MS and for quantitative analysis by GC. Solutions of the known products 

with decane as the internal standard were used to obtain response factors. The products 

obtained and their yields under these conditions from Run 1 (Table 2) were: adamantane 

(0.602 mmol, 54.9%), succinonitrile (0.088 mmol, 29.2%), N-adamantylacetamide (0.008 

mmol, 0.73%), AdC(Me)=NCH2CN (0.158 mmol, 14.4%), l,l'-biadamantane (0.158 

mmol, 28.8%), and trace amounts of AdC(Me)=NN=C(Me)Ad and 1-cyanoadamantane. 

Ouantitative Analvsis of AdCOMe and AdC(Me)=NCH9CN 
in an Aged Solution of Products 

The Run 1 solution of Table 2 was stored in refrigerator for 70 days. The solution 

was then analyzed by GC at 10-day intervals. GC after 70 days gave adamanty methyl 

ketone (0.043 mmol) and AdC(Me)=NCH2CN (0.030 mmol). The analytical data :ire 

given in Table 3. 

In the Presence of Water 

Photolysis was carried out by irtadiating the solution of 135 mg (0.452 mmol) of 

l,r-azoadamantane in 100 ml of acetonitrile in the presence of 2.0 ml of H2O by the same 
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procedure as described eariier. GC showed four products and the products obtained and 

their yields from Run 1 (Table 4) were: adamantane (0.536 mmol, 59.3%), succinonitrile 

(0.112 mmol, 41.8%), AdC(Me)=NCH2CN (0.100 mmol, 11.1%), and 

l,r-biadamantane (0.075 mmol, 16.6%). 

In the Presence of Bromotrichloromethane 

The same photolysis procedure was adopted with 145 mg (0.486 mmol) of 

1,1'-azoadamantane and 1.0 g (5.04 mmol) of BrCCl3 in 100 ml of acetonitrile. GC gave 

1-bromoadamantane (0.288 mmol, 29.6%), N-adamantylacetamide (0.478 mmol, 49.2%), 

and trace amount of 1,1 -biadamantane and 1-adamantanol. No trace of the adamantane 

was seen by GC and GC-MS. 

Photolysis of Adamanlyl Methyl Ketone in Acetonitrile 

Photolysis was carried out using 6.1 mg (0.034 mmol) of adamanlyl methyl ketone '\n 

100 ml of acetonitrile by the same procedure as described in the photolysis of 

l,r-azoadamantane. GC analysis gave adamantane (0.021 mmol, 61.8%) and recovered 

adamanlyl methyl ketone (0.001 mmol, 2.9%). 

Conversion of L4-Diphenylazomethane to 
Benzaldehvde Benzylhydrazone 

in Acetonitrile 

A solution of 85.8 mg (0.408 mmol) of 1,4-diphenylazomethane in 100 ml of 

acetonitrile was degassed by two cycles of freeze-thaw vacuuin-line technique with liquid 

nitrogen. After completion of the degassing, the solution was allowed to reach room 

temperature, and the reaction mixture was analyzed by GC. Good GC separations were 

obtained with 15-m SE-30 Bondapak capillary column, programmed from 35 to 250 <̂ C, at 
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10 degree/min, and with an injector temperature 250 ^C. Portions of this solution were 

used for identification of products by GC-MS and for quantitative analysis by GC. 

Solutions of the known products with naphthalene as the internal standard were used to 

obtain response factors. Most of the 1,4-diphenylazomethane (76.4% ) tautomerized to 

benzaldehyde benzylhydrazone during the freeze-thaw procedure without irtadiation. GC 

showed also the presence of benzalazine (21%) and benzaldehyde (6%). 

Oxidation of 1.1'-Azoadamantane by 
Tris(p-bromophenyI)aminium 

Hexafluoroantimonate 

Experimental Procedures 

Tris(p-bromophenyl)aminium hexafluoroantimonate (0.529 g, 0.738 mmol) and 

0.942 g (0.316 mmol) of Ll'-azoadamantane were placed in a 100-ml, round-bottomed 

flask equipped with a 3-way stopcock. The flask was evacuated and filled with argon. 

Acetonitrile (30 ml) was added and the mixture was stirted until the deep blue color of the 

cation radical had disappeared (usually overnight). Water (20 ml) 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 filtration, the solvent 

was evaporated under to give 569 mg of solid residue. This residue was dissolved in 10 

ml of methylene chloride. Portions of this solution were used for identification of products 

by GC-MS and for quantitative analysis by GC. Good GC separation was obtained with a 

15-m SE-30 Bondapak capillary column, programmed from 35 to 270 ^C, at 10 

degree/min, and with an injector temperature 250 ^C. Solutions of known products were 

used to obtain response factors. Naphthalene and octacosane were used as internal 

standards. The reaction was carried out four times. The products obtained and their yields 
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from Run 1 (Table 5) were: TBPA (0.713 mmol, 96.6%), bis-(4-bromophenyl)-2,4-

dibromophenylamine (BrTBPA, 0.030 mmol, 4.0%), bis-(2,4-dibromophenyl)-4-

bromophenylamine (Br2TBPA, 0.003 mmol, 0.4%), AdNHCOMe (0.562 mmol, 88.9^; 

AdAd (0.012 mmol, 3.8%), AdOH (0.012 mmol, 1.9%), AdCOCH3 (0.001 mmol, 

0.20%), and AdH (trace). 

Preparation of Samples for Measurement of Nitrogen Gas 

Into one arm of a Y tube (see Figure 1) was placed solid TBPA+-SbF6", while a 

Figure 1. The reaction vessel, a Y tube 

solution of 1,1'-azoadamantane in approximately 1 ml of acetonitrile was placed in the 

other arm. The two arms were sealed, the contents of the reaction tube were frozen with 

liquid nitrogen, and the tube was degassed by two cycles of the customary freeze-thaw 

technique. The tube was finally sealed, and allowed to attain room temperature. When the 

two reactants were mixed thoroughly, evolution of gas was observed. The sample tube 
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was sent to Rice University, Houston, Texas for the quantitative analysis of nitrogen by 

Toepler-pump techniques. The results are given in Table 5. 

Reactions of Phenoxathiin Carion Radical Perchlorate 
with 1.4-Diphenylazomethane 

In Acetonitrile 

A solution of 87.3 mg (0.415 mmol) of 1,4-diphenylazomethane was added dropwise 

by a syringe to a stirred, septum-capped solution of 308.7 mg (1.03 mmol) of Ph+C104-

under argon. Stirring was continued overnight, by which time the purple color of cation 

radical had disappeared. Water (20 ml) was added and was followed by addition of 

sodium bicarbonate solution to neutralize the perchloric acid formed during reaction and by 

hydrolysis of the cation radical. The mixture was extracted with 5 x 50 ml portions of 

methylene chloride. This solution was dried over magnesium sulfate and evaporated under 

vacuum to give 341 mg of solid residue. This residue was dissolved in 10 ml of methylene 

chloride, which was treated for analysis as described in the TBPA'''-SbF6' reaction. The 

reaction was carried out three times. The products obtained and their yields from Run I 

(Table 6) were: benzaldehyde (0.089 mmol, 10.8%), benzalazine (0.057 mmol, 1.4%), 1-

benzyl-3-phenyl-5-methyl-l,2,4-triazole (0.351 mmol, 84.6%), phenoxathiin (0.761 

mmol, 93.7%), and phenoxathiin 5-oxide (0.049 mmol, 6.1%). 

In Methylene Chloride Containing Acetonitrile 

The same procedure was adopted with 326 mg (1.09 mmol) of Ph+-Cl04-, 135 mg 

(0.643 mmol) of 1,4-diphenylazomethane and 277 mg (6.74 mmol) of acetonitrile in 20 ml 

of methylene chloride. The color of the reaction solution changed from purple to brown. 

Workup of the methylene chloride solution gave 391 mg of brown solid, which was 

dissolved in 10 ml of methylene chloride for GC analysis. The reaction was carried out 
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three times. The products were identified as described eariier. Further separation of some 

products proved not to be quantitative and their complete assay was not pursued. The 

products obtained and their yields from Run 1 (Table 7) were: benzaldehyde (0.442 mmol, 

34.5%), benzalazine (0151 mmol, 23.6%), l-benzyl-3-phenyl-5-methyl-l,2,4-triazoIe 

(0.043 mmol, 6.7%), phenoxathiin (0.953 mmol, 87.6%), and phenoxathiin 5-oxide 

(0.191 mmol, 17.6%). 

In Methylene Chloride Containing Propionitrile 

Ph"''-C104" (395 mg, 1.32 mmol) and 10 ml of methylene chloride were placed in a 

100-ml, round-bottomed flask flushed with argon. A solution of 141 mg (0.670 mmol) of 

1,4-diphenylazomethane and 371 mg (6.73 mmol) of propionitrile in 10 ml of methylene 

chloride was added. After the mixture was stirred overnight, workup and analysis of 

residue were performed as described earlier. Further separation of some products proved 

not to be quantitative and their complete assay was not pursued. The products obtained aFid 

their yields (Table 8) were: benzaldehyde (0.546 mmol, 40.7%), benzalazine (0.120 mmol, 

17.9%), l-benzyl-3-phenyl-5-ethyl-l,2,4-triazole (0.048 mmol, 7.2%), phenoxathiin 

(1.00 mmol, 75.9%), and phenoxathiin 5-oxide (0.300 mmol, 22.8%). 

In Methvlene Chloride 

Ph'*"-C104' (333 mg, 1.11 mmol) and 10 ml of methylene chloride were placed in a 

100-ml, round-bottomed flask flushed with argon. A solution of 113 mg (0.537 mmol) of 

1,4-diphenylazomethane in 10 ml of methylene chloride was added. After the mixture was 

stirred overnight at room temperature, 10 ml of water was added, and the solution was then 

neutralized with aqueous sodium bicarbonate solution. The mixture was dried over 

magnesium sulfate. The dried solution was concentrated for GC analysis and the products 
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obtained and their yields from Run 1 (Table 9) were: benzaldehyde (0.414 mmol, 38.4%), 

benzalazine (0.116 mmol, 21.5%), benzaldehyde benzylhydrazone (0.036 mmol, 6.7%), 

phenoxathiin (0.922 mmol, 81.3%), and phenoxathiin 5-oxide (0.021 mmol, 1.9%). 

Further separation of some products and complete assay was not pursued. 

Reactions of Tris(p-bromophenvl)aminium 
Hexafluoroantimonate in 

Acetonitrile Solution 

With L4-Diphenvlazomethane 

A solution of 142 mg (0.678 mmol) of 1,4-diphenylazomethane in 10 ml of 

acetonitrile was added dropwise by syringe to a stirted solution of 718 mg (1.00 mmol) of 

TBPA+-SbF6" in 10 ml of acetonitrile in a septum-capped vessel under argon. Stirting was 

continued overnight, by which time the deep-blue color of cation radical had disappeared 

and some solid TBPA had precipitated. Water (10 ml) was added and the precipitate of 

TBPA was collected, washed with a littie acetonitrile, and dried, giving 111 mg of off-

white solid. The filtrate was neutralized with sodium bicarbonate solution. This step 

caused the formation and precipitation of (presumed) antimony oxides, which were 

removed by filtration. The filtrate was extracted with 4 x 30 ml of methylene chloride. The 

methylene chloride solution was dried, evaporated under vacuum, and the solid residue 

(449 mg) was treated for analysis as described in the reaction of 1 ,r-azoadamantane with 

tris(p-bromophenyl)aminium hexafluoroantimonate. Residual TBPA was assayed by GC, 

and the amount was combined with the earlier amount of solid TBPA. The reaction was 

carried out three times. The product balances were not good, but the products obtained aFid 

their yields from Run 1 (Table 10) were: TBPA (0.19 mmol, 19%), BrTBPA + Br2TBPA 

(0.23 mmol, 23%), bibenzyl (0.19 mmol, 28%), l-benzyl-3-phenyl-5-methyl-l,2,4-
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triazole (0.17 mmol, 25.1%), benzaldehyde (0.33 mmol, 24.3%), benzalazine 

(0.012 mmol, 1.8%), and N-benzylacetamide (0.01 mmol, 0.7%). 

With Benzaldehvde Phenvlhvdrazone 

The reaction was carried out with a solution of 53.0 mg (0.272 mmol) of 

benzaldehyde phenylhydrazone and 412 mg (0.574 mmol) of TBPA+-SbF6- in 20 ml of 

acetonitrile under argon. The reaction was carried out twice. 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 obtained and their 

yields from Run 1 (Table 11) were : TBPA + BrTBPA + Br2TBPA (0.575 mmol, 

100.1%), benzaldehyde (0.093 mmol, 17.1%), and l,3-diphenyl-5-methyl-l,2,4-triazole 

(0.156 mmol, 57.4%). 

Reaction of Benzalazine with Perchloric Acid in Acetonitrile 

To a stirred solution of 211 mg (1.01 mmol) of benzalazine in 25 ml of acetonitrile 

was added 0.171 ml (1.971 mmol) of 70% HCIO4 by microsyringe. The yellow color of 

the solution disappeared immediately. Stirring was continued overnight. Water (10 ml) 

was added and the solution was neutralized with aqueous sodium biciu-bonate solution. 

The mixture was extracted with 5 x 30 ml portions of methylene chloride and the methylene 

chloride solution was dried over magnesium sulfate. The dried solution was concentrated 

under vacuum to give 186 mg of solid residue. This residue was dissolved in 5.0 ml of 

methylene chloride for GC analysis and gave recovered benzalazine, 206 mg (0.99 mmol, 

97.6%) and benzaldehyde, 7.4 mg (0.07 mmol, 3.5%). The identity of benzalazine and 

benzaldehyde was confirmed by GC-MS. 
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Reactions of Oximes of Chalcones. Benzalacetones.and 
Cinnamaldehvdes with Thianthrene Cation Radical 

Benzalacetone Oxime 

Benzalacetone oxime (79.7 g, 0.495 mmol) and 322 mg (1.02 mmol) of Th+C104-

were placed in a 100-ml, round-bottomed flask. The flask was capped with a septum, 

evacuated, and filled with argon. Acetonitrile (20 ml) was added, and the mixture was 

stirred for 2 days. During this time, the color of the solution changed from purple to blue. 

Thereafter, the solution was diluted with 10 ml of water, neutralized with sodium 

bicarbonate solution, and extracted with 3 x 30 ml portions of methylene chloride. The 

methylene chloride solution was dried over magnesium sulfate and worked up to give 

308 mg of brown solid residue. This residue was dissolved in 10.0 ml of methylene 

chloride. Portions of this solution were used for identification of products by GC-MS and 

for quantitative analysis by GC. The column used was a 15-m SE-30 Bondapak capillar)' 

column, programmed from 50 to 250 ^C at 10 degree/min. Products were assayed by GC 

with the use of naphthalene as an internal standard and predetermined concentration factois 

with the use of authentic compounds as standards (Table 12). The reaction was carried out 

twice and the products obtained and their yields from Run 1 (Table 13) were: benzaldehyde 

(0.005 mmol, 1.01%), 3-methyl-5-phenylisoxazole (0.209 mmol, 42.2%), 2-methyl-5-

phenyloxazole (0.078 mmol, 15.8%), thianthrene (0.903 mmol, 88.5%), and thianthrene 

5-oxide (0.110 mmol, 10.8%). 

4-Chlorobenzalacetone Oxime 

4-Chlorobenzalacetone oxime (92.2 mg, 0.473 mmol) and 376 mg (1.19 mmol) of 

Th'̂ -C104" were placed in a 100-ml, round-bottomed flask flushed with argon. 

Acetonitrile (20 ml) was added. After being stirted for 2 days, the solution was diluted 

with 10 ml of water and workup was performed as described earlier. The products 
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obtained and their yields from Run 1 (Table 13) were: 4-chlorobenzaIdehyde (0.059 mmol, 

12.5%), 3-methyL5-chlorophenylisoxazole (0.213 mmol, 45.0%), thianthrene (0.914 

mmol, 76.8%), and thianthrene 5-oxide (0.151 mmol, 12.7 %). 

Cinnamaldehvde Oxime 

The reaction was carried out using, 73.8 mg (0.502 mmol) of cinnamaldehyde oxime 

and 318 mg (1.00 mmol) of Th+-C104- in 20 ml of acetonitrile as described for 

benzalacetone oxime. The products obtained and their yields from Run 1 (Table 13) were: 

cinnamaldehyde (0.043 mmol, 8.6%), cinnamonitrile (0.320 mmol, 63.7%), 

5-phenylisoxazole (0.033 mmol, 6.6%), thianthrene (0.682 mmol, 68.2%), and 

thianthrene 5-oxide (0.215 mmol, 21.5%). 

2-Nitrocinnamaldehyde Oxime 

The same procedure was adopted with 132 mg (0.688 mmol) of 2-nitrocinnam

aldehyde oxime and 443 mg (1.40 mmol) of Th"''C104- in 30 ml of acetonitrile. The color 

of the reaction solution changed from purple to the deep-blue. Workup of the methylene 

chloride solution gave 409 mg of reddish brown solid, which was dissolved in 15 ml of 

methylene chloride for GC analysis. The following products were found (Table 13): 2-

nitrocinnamaldehyde (0.254 mmol, 36.9%), 2-nitrocinnamonitrile (0.434 mmol, 63.1%), 

thianthrene (1.178 mmol, 84.1%), and thianthrene 5-oxide (0.146 mmol, 10.4%). 

Chalcone Oxime 

The reaction was carried out using 115 mg (0.516 mmol) of chalcone oxime and 327 

mg (1.03 mmol) of Th" -̂0104" in 20 ml of acetonitrile as described for benzalacetone 

oxime. The products obtained and their yields (Table 13) were: 3,5-diphenylisoxazole 
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(0.381 mmol, 73.8%), 2,5-diphenyloxazole (0.003 mmol, 0.6%), thianthrene 

(0.982 mmol, 95.3%), thianthrene 5-oxide (0.045 mmol, 4.4%). 

4-Methoxvchalcone Oxime 

The same procedure was adopted with 117 mg (0.462 mmol) of 4-methoxychalcone 

oxime and 296 mg (0.937 mmol) of Th+-C104- in 25 ml of acetonitrile. The products 

obtained and their yields (Table 13) were: 3-phenyl-5-(p-methoxyphenyl)isoxazole 

(0.179 mmol, 38.7%), thianthrene (0.725 mmol, 77.3%), and thianthrene 5-oxide 

(0.020 mmol, 2.13%). 

4-Methoxychalcone Oxime in the Presence of 
2.6-Di-tert-butvl-4-methylpyridine (DTBMP) 

4-Methoxychalcone oxime (104 mg, 0.411 mmol) and 261 mg (0.826 mmol) of 

Th+C104- and 248 mg (1.21 mmol) of DTBMP were placed in a 100-ml, round-bottomed 

flask flushed with argon. Acetonitrile (25 ml) was added and the purple color of Th+-

changed immediately to light brown. The mixture was stirted ovenight. Thereafter, the 

solution was diluted with 10 ml of water and workup was performed as described earlier. 

The products obtained and their yields (Table 13) were: 3-phenyl-5-(p-methoxyphenyl) 

isoxazole(0.297 mmol, 72.3%), thianthrene (0.636 mmol, 77.0%), and thianthrene 5-

oxide (0.150 mmol, 18.2%). 
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Table 1. Chromatographic Data for Products from Photolysis of AA in MeCN. 

compounds retention time (min) FID^ factor 

AdH 

(NCCH2)2 

AdCN 

AdNHCOMe 

AdC(Me)=NCH2CN 

AdAd 

AdC(Me)=NN=C(Me)Ad 

8.4 

9.9 

13.5 

18.1 

21.0 

25.1 

42.0 

1.046 

0.234 

0.993 

0.667 

1.945 

^̂ GC peak area per unit weight of compound relative to decane (FED factor = 1.0). 



Table 2. Yields of Products from Photolysis of AA in MeCN. 
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products 

AdH 

(NCCH2)2 

AdCN 

AdNHCOMe 

AdC(Me)=NCH2CN 

AdAd 

AdC(Me)=NN= 

Totalf 

=C(Me)Ad 

mmol found 

run 1^ 

0.602 

0.088 

trace 

0.008 

0.158 

0.158 

trace 

run2t> 

0.665 

e 

trace 

0.005 

0.181 

0.140 

trace 

%AdC 

run 1 

54.9 

0.73 

14.4 

28.8 

98.8 

run 2 

57.5 

0.90 

15.7 

24.2 

98.3 

% CH2CNd 

run 1 run 2 

29.2 

1.3 0.75 

26.2 27.2 

56.7 28.0 

^A solution of 0.548 mmol of AA in 100 ml of MeCN was irradiated for 70 h at 350 nm at 
ambient temperature. The solution after irtadiation was concentrated for analysis by 
controlled evaporation of the solvent. 

^A solution of 0.578 mmol of AA in 100 ml of MeCN was irradiated as before. The 
solution was analyzed by GC without being concentrated. 

^Calcurated as 100 x (mmol of product) x (number of Ad groups in product)/ 
(2 X initial mmol of AA). 

dCalcurated aslOO x (mmol of product) x (number of CH2CN groups in product)/mmol of 
AdH. 

^The unconcentrated solution was too dilute for this product to be measured. 

fTotal of Ad or CH2CN groups accounted for. 



Table 3. Yields of AdCOMe and AdC(Me)=NCH2CN 

in an Aged Solution of Products 

mmol found 

."̂ ^ 

compound 50 days 60 days 70 days 

AdCOMe 

AdC(Me)=NCH2CN 

0.009 

0.074 

0.028 

0.056 

0.043 

0.030 

V^lKw 



Table 4. Yields of Products from Photolysis of AA in the Presence of Water. 
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products 

AdH 

(NCCH2)2 

AdCN 

AdNHCOMe 

AdC(Me)= 

AdAd 

AdC(Me)= 

Totaic 

:NCH2CN 

:NN= =C(Me)Ad 

mmol found 

run 1^ 

0.536 

0.112 

trace 

trace 

0.100 

0.075 

trace 

run2t> 

0.670 

0.200 

trace 

trace 

0.112 

0.066 

trace 

%Ad 

run 1 run 2 

59.3 68.8 

11.1 11.5 

16.6 13.6 

87.0 93.9 

% CH2CN 

run 1 run 2 

41.8 59.7 

18.7 16.7 

60.5 76.4 

l̂A solution of 0.452 mmol of AA in 100 ml of MeCN in presence of 2.0 ml of H2O 
was irtadiated for 70 h at 350 nm at ambient temperature. The solution was analyzed by 
GC without being concentrated. 

t>A solution of 0.487 mmol of AA in 100 ml of MeCN in presence of 2.0 ml of H2O was 
irradiated as before. 

<-̂ Total of Ad or CH2CN groups accounted for.based on the amounts of AdH. 



Table 5. Yields of Products from Reaction of TBPA-i-.SbF6- with 
1,1'-Azoadamantane in Acetonitrile. 

run products^'^ 

AdNHCOMe AdAd AdOH AdCOMe AdH TBPAc N2 

id 

?e 

3f 

0.562 

(88.9) 

0.522 

(71.7) 

g 

0.012 0.012 0.001 0.0003 0.746 

(3.8) (1.9) (0.2) 

0.015 0.021 0.001 

(4.1) (2.9) (0.1) 

g g g 

(0.05) (101) 

0.001 0.852 

(0.1) (105) 

g g 0.0356 

(68.5) 

'̂ In mmol. 

t'Numbers in parentheses are percent yields. 

CTBPA balance = TBPA + BrTBPA + Br2TBPA. 

dA solution of 0.316 mmol of AA and 0.738 mmol of TBRA+SbFe" in 30 ml of MeCN, 

eA solution of 0.364 mmol of AA and 0.812 mmol of TBRA^-SbFe" in 30 ml of MeCN. 

fA solution of 0.052 mmol of AA and 0.100 mmol of TBPA+SbFa" in 30 ml of MeCN. 

gNot measured. 



5S 

Table 6. Yields of Products from Reaction of Ph-H.C104- with 1,4-Diphenylazomethane 
in Acetonitrile 

mmol found (%) 

product run 1^ run 2b run 3^ 

PhCHO 

PhCH=N-N=CHPh 

Triazole^ 

Phenoxathiin 

Phenoxathiin 5-oxide 

0.089 (10.8) 

0.057 (1.4) 

0.351 (84.6) 

0.761 (93.7) 

0.049(6.1) 

0.106(7.7) 

0.031 (4.5) 

0.616(89.1) 

1.053(73.9) 

0.118(8.2) 

0.083 (9.2) 

0.010(2.3) 

0.381 (84.8) 

0.769 (86.6) 

0.083 (9.4) 

^A solution of 0.415 mmol of azo compound and 0.812 mmol of cation radical 
in 30 ml of MeCN. 

'̂ A solution of 0.691 mmol of azo compound and 1.425 mmol of cation radical 
in 30 ml of MeCN. 

^A solution of 0.449 mmol of azo compound and 0.888 mmol of cation radical 
in 30 ml of MeCN. 

d 1 -Benzyl-3-phenyl-5-methyl-1,2,4-triazole. 
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Table 7. Yields of Products from Reaction of Ph+-C104-
wiih 1,4-Diphenylazomethane in Methylene Chloride Containing Acetonitrile 

mmol found (%) 

product run 1^ run 2b run 3C 

PhCHO 

PhCH=N-N=CHPh 

Triazole^ 

Phenoxathiin 

Phenoxathiin 5-oxide 

0.510(32.7) 

0.250(32.1) 

0.092(11.8) 

1.180(81.9) 

0.236(16.4) 

0.442 (34.5) 

0.151(23.6) 

0.043 (6.7) 

0.953 (87.4) 

0.191 (17.5) 

0.526 (34.7) 

0.260 (34.3) 

0.099(13.0) 

1.289(84.2) 

0.301 (19.7) 

^̂A solution of 0.780 mmol of DPAM, 1.44 mmol of Ph+-C104- and 2.12 mmol of 
MeCN in 20 ml of CH2CI2. 

bA solution of 0.641 mmol of DPAM, 1.09 mmol of Ph+-C104' and 6.75 mmol of 
MeCN in 20 ml of CH2CI2. 

^A solution of 0.759 mmol of DPAM, 1.53 mmol of Ph+-C104" and 7.80 mmol of 
MeCN in 20 ml of CH2CI2. 

d 1 -Benzyl-3-phenyl-5-methyl-1,2,4-triazole. 
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Table 8. Yields of Products from Reaction of Ph+-C104- with 

1,4-Diphenylazomethane in Methylene Chloride Containing Propionitrile^ 

product PhCHO PhCH=N-N=CHPh Triazoleb Ph PhO 

mmol 0.546 0.12 0.048 1.00 0.30 

O) Jo 40.7 17.9 7.2 75.9 22.8 

^̂A solution of 1.32 mmol of Ph+-C104-, 0.670 mmol of DPAM and 6.73 mmol of 
CH3CH2CN in 20 ml of CH2CI2. 

bl-Benzyl-3-phenyl-5-ethyl-l,2,4-triazole. 



Table 9. Yields of Products from Reaction of Ph-»--C104-

with 1,4-Diphenylazomethane in Methylene Chloride 

mmol found (%) 
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product run 1^ run 2b run 3^ 

PhCHO 

PhCH=N-N=CHPh 

PhCH=NNHCH2Ph 

Phenoxathiin 

Phenoxathiin 5-oxide 

0.414(38.5) 

0.116(21.6) 

0.036 (6.7) 

0.922(81.6) 

0.021 (1.9) 

0.406 (37.7) 

0.114(21.2) 

0.017 (3.2) 

0.991 (89.3) 

0.025 (2.3) 

0.568(34.1) 

0.108(13.0) 

0.399 (48.0) 

0.789 (87.4) 

0.032 (3.5) 

^̂A solution of 0.537 mmol of azo compound and 1.13 mmol of cation radical in 20 ml 
of CH2CI2 . 

t>A solution of 0.538 mmol of azo compound and 1.11 mmol of cation radical in 20 ml 
of CH2CI2. 

^A solution of 0.832 mmol of azo compound and 0.903 mmol of cation radical in 
20mlofCH2Cl2. 
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Table 10. Yields of Products from Reaction of TBPA+-SbF6- with 

1,4-Diphenylazomethane in Acetonitrile*^ 

product (PhCH2)2 Triazole^ PhCHO Azine^ Amide^ TBRA^ 

mmol 0.19 0.17 0.33 0.012 0.01 0.42 

% 28.0 25.1 24.3 1.8 0.7 42.0 

^A solution of 1.00 mmol of TBPA+-SbF6- and 0.678 mmol of DPAM in 20 ml of 
MeCN. 

^ 1 -Benzyl-3-phenyl-5-methyl-1,2,4-triazole. 

^Benzalazine. 

^N-benzylacetamide. 

eTBPA balance = TBPA + BrTBPA + Br2TBPA. 
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Table 11. Yields of Products from Reaction of TBPA+-SbF6- with 

Benzaldehyde Phenylhydrazone in Acetonitrile 

products* '̂̂  

run PhCHO 

0.093 

(17.1) 

0.117 

(21.7) 

Triazole^ 

0.156 

(57.4) 

0.141 

(52.4) 

TBPA<i 

0.575 

(100) 

0.562 

(98.6) 

le 

2f 

^In mmol. 

^Numbers in parentheses are percent yields, 

c 1,3-diphenyl-5-phenyl-1,2,4-triazzole. 

^TBPA balance = TBPA + BrTBPA + Br2TBPA. 

^A solution of 0.270 mmol of hydrazone and 0.574 mmol of TBPA+-SbF6" in 20 ml of 
MeCN. 

^A solution of 0.269 mmol of hydrazone and 0.570 mmol of TBPA+SbF6" in 20 ml of 
MeCN. 



Table 12. Aryloximes 17, 18, and 19 and Some of Their Cychc Derivativesa 
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compound X mp,oC lit. mp, OC ref 

no. 

17a 

17b 

18a 

18b 

19a 

19b 

20a 

20b 

21a 

21b 

22a 

23a 

24a 

H 

4-OCH3 

H 

4-Cl 

H 

2-N02 

H 

4-OCH3 

H 

4-Cl 

H 

H 

H 

114-116 

119-121 

114-116 

110-113 

108-110 

132-135 

142-144 

125-127 

61-63 

90-92 

b 

72-73 

53-55 

114-116 

119-120 

115-116 

syn:129-131 

anti: 144-146 

syn: 72-73 

anti: 137-138 

syn:134 

anti: 138 

142-143 

125-126 

62-63 

91-92 

23 

72-73 

54-55 

82 

82 

78 

79 

80 

81 

87 

89 

83 

84 

86 

c 

90 

^̂ Most of the compounds listed here were prepared by standard procedures and are to be 
found in the literature, as referenced. 

t>Began to melt at room temperature. 
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Table 12 continued: 

^Commercially available from Lancaster Synthesis. 



Table 13. Products of Reaction of Oximes [X-C6H4CH=CH-C(R)=NOH] 
with Acetonitrile. 
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Oxime 

17a^ 

17bd 

17be 

18af 

18bS 

19all 

19bi 

20 

0.381 

(73.8) 

0.179 

(38.7) 

0.297 

(73.3) 

21 

0.209 

(42.2) 

0.213 

(45.0) 

22 

0.003 

(6.6) 

Products^ 

23 

0.003 

(0.6) 

24 

0.078 

(15.8) 

S^ mmol and 

Aldehyde 

0.005 

(1.01) 

0.059 

(12.5) 

0.043 

(8.6) 

0.254 

(36.9) 

% 

Nitrile 

0.32 

(63.7) 

0.434 

(63.1) 

Th 

0.982 

(95.3) 

0.725 

(77.3) 

0.636 

(77.0) 

0.903 

(88.5) 

0.914 

(76.7) 

0.682 

(68.2) 

1.18 

(84.1) 

ThO 

0.045 

(4.4) 

0.020 

(2.13) 

0.150 

(18.2) 

0.110 

(10.8) 

0.151 

(12.7) 

0.215 

(21.5) 

0.146 

(10.4) 

^Yields were determined by GC and the use of authentic compounds. 

^Numbers in parentheses are percent yields. 

CTh+-C104' (1.03 mmol), oxime (0.516 mmol). 
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Table 13 continued 

dTh+C104- (0.937 mmol), oxime (0.462 mmol). 

eTh+C104" (0.826 mmol), oxime (0.411 mmol), and DTBMP (1.21 mmol). 

fTh+C104- (1.02 mmol), oxime (0.495 mmol). 

STh+-C104- (1.19 mmol), oxime (0.473 mmol). 

ilTh+-C104- (1.00 mmol), oxime (0.502 mmol). 

iTh+-C104- (1.40 mmol), oxime (0.688 mmol). 



CHAPTER m 

RESULTS AND DISCUSSION 

Photochemical Reaction of 
Ll'-Azoadamantane in Acetonitrile 

In the oxidative chemisry of l,r-azoadamantane (AA) by Th"̂ - that had been done 

earlier and in the oxidative chemistry of AA by TBRA"*"-, very littie evidence for adamanlyl 

radicals (Ad) could be found. Furthermore, the behavior or fate of Ad- in MeCN was not 

to be found in the literature. Therefore, the products of photochemically formed Ad- in 

MeCN have been studied. 

AA 

Solutions of AA in acetonitrile were degassed and irradiated at room temperature with 

350-nm light until GC analysis showed that no AA remained. Chromatographic data are 

shown in Table 1. Seventy hours were required for complete destruction of the AA. The 

reason for the long period of irradiation is that cis-AA, produced by irradiation of trans-

AA, undergoes both photoreversion to the trans isomer and thermal loss of nitrogen. The 

half-life of cis-AA is approximately 20 minutes at room temperature, while its extinction 

coefficient is six times larger than that of trans-AA. 

The results from photolysis of AA in acetonitrile, which are listed in Table 2, show 

material balances for seven products averaging 98.6%. While AdH was the major product, 

substantial amounts of N-cyanomethyl adamanlyl methyl ketimine [AdC(Me)=NCH2CN], 

68 
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1,1 -biadamantane (AdAd), which was formed by dimerization of Ad-, the product 

corresponding with AdH formation, namely succinonitrile [(NCCH2)2]. were also 

obtained. The reaction products were identified by comparision of the GC retention times 

and GC-MS data with the use of authentic materials. 

The major reactions of adamanlyl radicals, that is recombination and attack on the 

solvent, are well known from studies of the decomposition of AA in various hydrocarbon 

solvents (59). In MeCN solution, however, three possible pathways can be entertained for 

reaction of adamantyl radicals with the solvent: (a) at carbon, (b) at nitrogen, and (c) 

hydrogen abstraction (Scheme 4). All three reactions were found in this work, with path c 

Scheme 4 

Ad- + CH3CN 

:H3 

AdC = N-

- • AdN = CCH3 

AdH + • CH2CN 

being dominant, path a having considerable importance, and path b being minor. Also, 

evidence was found for the coupling of cyanomethyl radical (-CH2CN) with the iminyl 

radical [AdC (Me)=N-] formed in path a. 

Products obtained from photolysis of AA in MeCN can be explained by Scheme 5. 

The major product was adamantane by facile hydrogen atom abstraction from solvent, this 

being the major fate (path c) of the adamantyl radicals. This reaction generated 
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Scheme 5 
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^ = N - - y t=N 
H2O Ad. 

/ ^ C N • " \ = 0 

g 

Ad-CN + Me< V\.^ 
Ad 

-^- Ad-Ad 

cyanomethyl radicals. In the calculation of product yields (Table 2), the maximum amount 

of cyanomethyl radical that could be formed was equated to the amount of AdH that was 

assayed. The expected dimer, succinonitrile, was found and assayed by GC. 

Attack of adamantyl radicals (Ad) at the carbon of MeCN gives the ketiminyl 

radical[AdC(Me)=N-], a known process for other radicals and nitriles (92, 93). Ketiminyl 

radicals are known to undergo p-scission with liberation of an alkyl radical and fomiation 

of a nitrile (94), and to dimerize (95, 96). In the present work, dimerization (path 0 and 

(3-scission (path g) occurred only to a small extent, leading to low yields of 

/\dC(Me)=NN=C(Me)Ad and AdCN. From other studies (96), it is well known that 



71 

dimerization of hindered iminyl radicals is very slow. Support for this statement in the 

present work comes from the small extent of dimerization. P-Scission becomes important 

only when a favorable alkyl radical can be released (96), but the ketiminyl radical, 

[AdC(Me)=N-J, does not have a favorable alkyl group to be released. The major fate of the 

ketiminyl radicals was the scavenging of the cyanomethyl radical (path d), forming the 

imine [AdC(Me)=NCH2CN]. To our knowledge, this is the first reported case of the 

coupling of a ketiminyl radical with an unlike (i. e., cyanomethyl) radical. 

AdC(Me)=NCH2CN, which was isolated by preparative GC at Rice University, 

proved to be very sensitive to moisture, undergoing hydrolysis to adamantyl methyl ketone 

[AdCOMe]. Irradiation of adamantyl methyl ketone in MeCN caused it to undergo 

photolysis with formation of AdH. In fact, adamantyl methyl ketone was not found in 

freshly opened tubes after completion of photolysis of AA but appeared in opened tubes as 

the solution aged, as is shown in Table 3. The increase of AdCOMe and the decrease of 

AdC(Me)=NCH2CN is in accord with the proposals in Scheme 5. In contrast, the azine 

[AdC(Me)=NN=C(Me)Ad] undergoes hydrolysis only with difficulty (49). Therefore, the 

azine cannot be the source of adamantyl methyl ketone in aged solutions of irradiated A A. 

Another possible source of AdCOMe is the hydrolysis of the imine Ad(Me)C=NH. But, 

the imine was not found in freshly opened tubes of irradiated AA solution. Therefore, this 

source of AdCOMe can be ruled out. 

As shown in Table 2, small amounts (0.73-0.90%) of N-adamantylacetamide 

(AdNHCOMe) were obtained. This was an unexpected product whose formation may 

begin with the addition of Ad- to the nitrogen atom of MeCN, giving the imidoyl radical 9 

(97). Disproportionation or combination of 9 andlO forms products 11 and 12, 

respectively (Scheme 6). Each of these products could be hydrolyzed to N-adamaniyl-

aceiamide by water in the solvent. 
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Scheme 6 

AdN=CMe + AdC=N-

9 Me 

10 

A d N = C = C H 2 + AdC=NH 

11 Me 

AdN 

Me 

1 Ad 

Me 

12 

Although N-adamantyl adamantyl methyl ketimine [Ad(Me)C=NAd] can be regarded 

as a possible product in the photolysis of AA, evidence for its presence was not found by 

GC-MS. 

It was found that the products accounted for 98-99% of the Ad- in the A A and 57% of 

the CH2CN group corresponding with the yield of AdH. The balance for Ad- is 

surprisingly high in view of the fact that it represents only four Ad-containing products. 

But, the balance for CH2CN groups was not so good. We are unable to account for the 

poor recovery of the CH2CN groups. Small amounts of four other products were 

observed by GC but could not be identified. Based on work with the well-studied 2-

cyanopropyl radical (98, 99), both the ketene imine (13) and succinonitrile can be thought 

of as dimerization products of cyanomethyl radicals. In fact, Eberson reported both of 

these products from cyanomethyl radicals that were formed by anodic oxidation of 

cyanoacetic acid. N-Acelylglycinonitrile (14) was obtained as the product of hydration of 

H.O 
2 - CH2CN - • NCCH2N = C = CH2 

13 

• ^ NCCH2NHCOCH3 

14 
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13 (100). An attempt was made to detect a ketene imine among our products by GC-MS , 

but there was no evidence of its presence. On the basis of ESR spin density data, the 

cyanomethyl radical has some ketiminyl character from which an estimate can be made that 

the radicals should dimerize by C-N and C-C coupling in the ratio of about 1:6(101). If 

the 1: 6 ratio is correct, 13 would have accounted for only 5% of the missing cyanomethyl 

groups in the present work. 

A degassed solution of AA in MeCN in the presence of 2.0 ml of water was irradiated 

in a sealed tube as described earlier. Products obtained from this reaction are shown in 

Table 4. Dramatic differences were not produced by the presence of water. According to 

Table 4, even in the presence of water, the moisture sensitive imine [AdC(Me)=NCH2CN] 

did not hydrolysis to adamantyl methyl ketone. However, we are unable to explain the 

result. 

The formation of AdH, AdAd and AdC(Me)=NCH2CN was completely suppressed 

by inclusion of 5.04 mmol of BrCCl3 in acetonitrile and instead, 1-bromoadamantane 

(29.6%) and N-adamantylacetamide (49.2%) were formed. Suppression of AdH, AdAd, 

and AdC(Me)=NCH2CN can be explained by trapping of adamantyl radicals by abstraction 

of a bromine atom from BrCCls. However, the reason for formation of N-adamantylacet

amide is not clear. 

In Summary, we have found from photolysis of AA in MeCN that the principal fate of 

free adamantyl radicals is abstraction of a hydrogen atom from the solvent. Also to some 

extent, Ad- radicals add to the nitrile carbon atom. 
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Conversion of L4-Diphenvlazomethane 
to Benzaldehvde Benzylhvdrazone 

The photochemical reaction of 1,4-diphenylazomethane(DPAM) was planned to 

determine the fate of benzyl radicals in acetonitrile, which would be helpful for 

understanding cation radical oxidative chemistry. But, the plan was unsuccessful because 

most of the DPAM tautomerized to benzaldehyde benzylhydrazone before irradiation. 

After completion of degassing for the solution of DPAM in acetonitrile, most of the 

DPAM had tautomerized to benzaldehyde benzylhydrazone (76.4%) as shown by GC 

analysis. Also, benzalazine (21%) and benzaldehyde (6%) were found. Earlier studies of 

the tautomerization of azoalkanes showed that an azoalkane possessing a protons is ver\ 

sensitive to acid (60), base (60), moisture (61), and light (60, 61) but we are unable to 

explain our results. To our knowledge, this is the first observed case for the 

tautomerization of an azoalkane by degassing. 

Oxidative Decomposition of Ll'-Azoadamantane 
by Tris(p-bromophenyl)aminium 

Hexafluoroantimonate 

Crystalline tris(p-bromophenyl)aminium hexafluoroantimonate (TBPA+SbF^') was 

prepared by oxidation of tris(p-bromophenyl)amine (TBPA) with iodine-silver hexafluoro 

antimonate. An attempt to make tris(p-bromophenyl)aminium perchlorate (TBPA+-C104-) 

was made by oxidation of tris(p-bromophenyl)amine with iodine-silver perchlorate in dr\ 

diethyl ether, but the yield was not good. Also, tris(p-bromophenyl)aminium hexachloro 

antimonate (TBPA+SbCl^') was prepared, but the use of this salt was found to be 

troublesome due to the presence of a nucleophilic chloride ion in the solution. However, 

the hexafluoroantimonate anion presented no such problem and gave a cleaner reaction 

(12) than did the hexachloroantimonate. 
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Oxidation of 1,1*-azoadamantane was carried out by TBPA+SbF5- in acetonitrile 

solution. The products formed from oxidative decomposition of 1,1'-azoadamantane by 

TBPA+-SbF5- were 88.9% of N-adamantylacetamide (AdNHCOCHs), 3.8% of Ll'-

biadamantane (Ad-Ad), 1.9% of 1-adamantanol (AdOH), 0.2% of 1-adamantyl methyl 

ketone (AdCOMe), 0.05% of adamantane (AdH), and 101% of uis(p-bromophenyl)amine, 

bis-(4-bromophenyl)-2,4-dibromophenylamine (BrTBPA), and bis-(2,4-dibromophenyl)-

4-bromophenylamine (Br2TBPA). These products and their yields are listed in Table 5. It 

was found that the products accounted for 101% of the TBPA+- and 95% of the adamantyl 

groups in l,r-azoadamantane. 

1-Adamantyl radicals (Ad) have been generated by thermolysis of trans-1,1' 

azoadamantane in various hydrocarbon solvents at reasonable rates at 280-300 ^C (59, 

102). In contrast, this azoalkane reacted with TBPA+'SbF^- at room temperature with 

rapid and evolution of nitrogen. While TBPA+- was reduced quantitatively to TBPA, the 

major product from the azoalkane was N-adamantylacetamide. Thus, the major initial 

trappable products of oxidative decomposition were the adamantyl cations, which for the 

most part reacted with solvent and gave, eventually, N-adamantylacetamide. Some 

adamantyl cation reacted with water that was either present adventitiously in the solvent or 

added later, to give a small amount of 1-adamantanol. According to Table 5, the yields of 

N-adamantylacetamide and 1-adamantanol show that 90.8% of the adamantyl groups 

arose from the adamantyl cation. Three other products, adamantane (AdH), 1,1'-

biadamantane (AdAd), and 1-adamantyl methyl ketone (AdCOMe) were also obtained. 

Thus, 95% of adamantyl groups from the AA were accounted for. 

One of the possible routes for the predominant formation of the carbocationic product, 

N-adamantylacetamide, is shown in Equations 49-53. 



TBPA-"* + AA 

AA-'* 

TBPA^* + Ad

Ad^ + MeCN 

AdN=C^e + HoO 

• ^ 

TBPA + AA^* 

Ad"' -I- Ad- -I- N2 

• ^ TBPA -I- Ad^ 

• ^ 

AdN=C^Me 

AdNHCOMe + H' 

76 
(49) 

(50) 

(51 ) 

(32) 

(53) 

The azoadamantane cation radical decomposes into adamantyl cations and adamantyl 

radicals (Equation 50). Adamantyl radicals are again oxidized into adamantyl cations 

(Equation 51). Adamantyl cations react with the solvent acetonitrile to give a Riuer-type 

intermediate, AdN=C'''Me (Equation 52), which reacts with water during workup to give 

the N-admantylacetamide (Equation 53). 

Another possible route involves a complexation mechanism (Equations 54-57), as was 

proposed for the anisole reaction (24). Complexation occurs between TBRA"*"- and AA as 

shown in Equation 54. The second oxidation gives a dication complex (Equation 55) 

which then decomposes to generate adamantyl cations (Equation 56). The competitive 

decomposition of the monocationic complex generates adamantyl radicals and adamantyl 

cations (Equation 57). 

TBPA"̂  • + A A 

CrBPA/AA)-"* + TBPA + • 

(TBPA/AA)""' 

(TBPA/AA) 2+ 

(54) 

+ TBPA (55 ) 

2+ (TBPA/AA) 

(TBPA/AA)̂ -* 

- • TBPA + 2Ad^ + N2 ( 56 ) 

•*- TBPA + Ad- + Ad-" + N. ( 57 ) 
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It is interesting to compare the yields of AdH and AdAd with those from 

photochemistry of AA. Whereas 56.2% of AdH and 26.5% of AdAd were obtained from 

photochemistry of AA, 3.9% of AdAd and very little of AdH ( 0.07%) were formed in the 

oxidative chemistry of AA in TBPA+-. When the reaction of Th+-C104- with AA was 

carried out in the presence of BrCCls in MeCN, formation of AdAd was not stopped. 

Therefore, we can conclude that AdAd is probably not formed in the oxidative reactions by 

dimerization of Ad-. In the reaction of AA with TBPA+-, adamantyl radical was not 

formed either, or, if it was formed, it did not survive oxidation by TBPA+-. The 

mechanism for the formation of l,r-biadamantane is rationalized in Scheme 7. The 

relatively large amount of AdAd (3.9%) may have arisen from the biadamantane cation 

radical (AdAd"*"-), formed by a cage recombination between Ad"*" and Ad-. Conversion of 

AdAd"*"- into AdAd would have to occur by electron-transfer reaction from TBPA"*"- within 

the solvent cage. In that case, TBPA"*"- would have served as a catalyst for the formation of 

AdAd from AA . Whether or not AdAd"*"- would survive long enough to be reduced to 

AdAd outside of the cage is unknown, but anodic oxidation of AdAd and fragmentation of 

AdAd"*"- have been reported (103). 

Also, adamantyl methyl ketone was formed in open tubes as the solution aged after 

completion of photolysis of AA, but inclusion of BrCCl3 prevented its formation in the 

oxidative chemistry of AA. Therefore, the source of the adamantyl methyl ketone can be 

thought of as the adamantyl radical obtained from the decomposition of AdAd"̂ - outside of 

the .solvent cage. This cation radical may transfer both Ad"̂  and Ad- to MeCN, with the 

addition of Ad"̂  to the nitrogen atom and Ad- to the carbon atom of the CN group 

[Scheme 7). Thus, ketiminyl radicals, Ad-C(Me)=N-, could be obtained without the 

requirement of free Ad-. The ketiminyl radicals become stabilized against p-scission by 

protonation. Later, hydrolysis into adamantyl methyl ketone could occur. The protons 
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could easily derive from hydrolysis of some of the TBPA"''-SbF6- by the small amount of 

water in the solvent. The azine AdC(Me)=N-N=(Me)CAd, which might be formed by the 

dimerization of ketiminyl radicals Ad-C(Me)=N-, could be thought of as a possible source 

of AdCOCH3 (95, 96) by hydrolysis of the azine during workup . However, when an 

authentic sample of the azine was added to the reaction mixture both before and after the 

reaction was complete, the azine survived the reaction and workup conditions. Hence, the 

hydrolysis of this azine was ruled out as the source of AdC0CH3. 

Adamantyl radicals have been generated by UV irradiation of AA in various 

hydrocarbon solvents at 65 ^C. The radicals mostly abstract hydrogen from the solvents to 

give AdH or dimerize to AdAd. In the oxidation of AA by TBPA"^-, AdH and AdAd were 

minor products. These results suggest that few of free adamantyl radicals survived 

oxidation by TBPA"*"-. Such free radicals that survived mainly added to the nitrile carbon 

(104) rather than abstracted hydrogen from MeCN. Since the ionization potential of the 
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idamantyl radical [6.9 eV (105)] lies below the TBPA"*"-, one would expect facile oxidation 

Df adamantyl radical by TBRA"*"-. 

The mechanism for the formation of higher brominated triarylamines, BrTBPA, and 

Br2TBPA, among the products is not known. One possibility for their formation could be 

the liberation of Br*" in reaction of AA with TBPA"*"- followed by adduct formation as in the 

reaction of 2,3-diazabicyclo[2.2.2]oct-2-ene (DBO) with TBPA"*"- (Scheme 8) (12). But, 

Scheme 8 

y~ N + 
N O -z^^>C\ '''̂ '̂ 

N+-Ar2 

Br 

N" '^"^^y^ NAr, -Br^ 

TBRA-"* 

^ 1 

•fi 1 

that possibility could be ruled out because we could not find an adduct between AA and 

TBPA+-. 

In conclusion, a thermally stable azoalkane is oxidized by TBPA"*"- in acetonitrile 

solution affording N2 and carbocationic products under mild conditions. The formation 

and reactions of free adamantyl radicals are not a significant pathway in the oxidative 

decomposition of azoadamantane by the TBPA cation radical. 
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Reaction of 1. 4-Diphenylazomethane with Cation Radicals 

N'nh Phenoxathiin Cation Radical Perchlorate in Acetonitrile 

Phenoxathiin perchlorate (Ph''"-C104") was prepared by oxidation of phenoxathiin (Ph) 

^ith 70% perchloric acid in carbon tetrachloride solution containing acetic anhydride (55). 

1,4-Diphenylazomethane (DPAM) was prepared by oxidation of N,N'-diphenylhydrazine. 

Reaction of DPAM with Ph+-C104' in degassed acetonitrile at room temperature look 

place rapidly. The products (Table 6) were phenoxathiin (Ph), phenoxathiin 5-oxide 

(PhO), l-benzyl-3-phenyl-5-methyl-l,2,4-triazole, benzaldehyde (PhCHO), and 

benzalazine (PhCH=N-N=CHPh). It was found that the products accounted for 96.3-

101.3% of the DPAM and 82.1-99.8% of the Ph+-. In the reported reaction of Th-*--C104-

wiih DPAM (50) in MeCN, thianthrene, thianthrene 5-oxide, N-benzylacetamide, 1,2,4-

triazole, and bibenzyl were obtained. Unlike the reaction of Th+- with DPAM, two other 

products, benzaldehyde and benzalazine, were obtained from use of Ph"^'C104-. Also, 

bibenzyl and N-benzylacetamide were not obtained. 

In contrast to the reaction of 1,1'-azoadamantane with the cation radical, a 

1,2,4-triazole rather than carbocation products was formed as a major product (86.27c). 

We propose that this product is derived from the oxidative cycloaddition of benzaldehyde 

benzylhydrazone, a tautomer of DPAM, with acetonitrile. The mechanism for the 

formation of the triazole is shown in Scheme 9. 

Azoalkanes can tautomerize easily to the more stable isomeric hydrazones (106). We 

are not sure if the tautomerization occun-ed in solution prior to the oxidation of DPAM or if, 

after oxidation, the cation radical of DPAM tautomerized to the cation radical of 

benzaldehyde benzylhydrazone. However, solutions of DPAM in acetonitrile, prepared for 

attempted photolysis of DPAM, were found to contain very substantial amounts of the 
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Scheme 9 
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isomeric hydrazone after freeze-thaw degassing. The calion radical of the hydrazone 

undergoes cycloaddition to the nitrile to form the triazole. In order to test the validity of 

Scheme 9, the reaction of benzaldehyde phenylhydrazone with TBPA"'--SbF6" in acetonitrile 

(discussed later) was attempted. 

Benzalazine (PhCH=N-N=CHPh) was a product of oxidation of the azo compound. 

A possible mechanism for the formation of the azine is shown in Scheme 10. 



s: 

PhCH2N=NCH2Ph + Ph+* 

PhCH2-N-N-CH2Ph 

Scheme 10 
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The formation of benzaldehyde, another product, can be attributed to either the 

hydrolysis of the corresponding hydrazone or of benzalazine. However, when an attempt 

was made to hydrolyze the authentic azine by 70% perchloric acid in acetonitrile solution, 

97.6% of the azine was recovered. Hence, the formation of benzaldehyde from the 

hydrolysis of the azine can be ruled out. The formation of the phenoxathiin 5-oxide (PhO) 

can be rationaUzed by hydrolysis of some of Ph"*"- by incompletely dried solvent during 

reaction, or unused Ph+- during workup (55) (Equation 58). 

2Ph" H2O - * • PhO -h Ph -h 2H" ( 5 8 ) 

With Phenoxathiin Cation Radical Perchlorate 
in Methylene Chloride Containing Acetonitrile 

In Table 7 are listed the results of reaction of Ph"*"-C104- with DPAM in methylene 

chloride containing acetonitrile. The same kinds of products were obtained as in the 

reaction of acetonitrile solvents, but, in solvent methyene chloride, a smaller amount 

of l-benzyl-3-phenyl-5-methyl-l,2,4-triazole (6.7-13.0%), was formed. It is 

understandable that the reaction of the cation radical of DPAM with acetonitrile should be 

diminished by the smaller concentration of the latter and therefore, lead to lessened 
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cycloaddition. With less formation of triazole, the chance of formation of other products 

will be increased. Therefore, the yields of benzaldehyde and benzalazine were gTcater 

relative to those given in Table 6. Phenoxathiin (Ph) was the major redox partner, and 

along with phenoxathiin 5-oxide (PhO) represented good material balances, whereas only 

64.8-82.0% of the products from DPAM were identified. 

With Phenoxathiin Cation Radical Perchlorate 
in Methvlene Chloride Containing Propionitrile 

The reaction of DPAM with Ph+-C104- in methylene chloride containing propionitrile 

was carried out, and as expected, only a small amount (7.2%) of l-benzyl-3-phenyl-5-

ethyl-l,2,4-triazole (15) was formed. Again, the reaction of the cation radical of DPAM 

Ph-
r ' ^ ^ ' ^ N - C H 2 P h 

\ / 

N = C 
'^CH2CH3 

15 

with propionitrile was diminished by the low concentration of the nitrile. Unlike the 

reaction with acetonitrile in methylene chloride, smaller amounts of benzalazine were 

formed. It was found that the products accounted for 65.8% of the DPAM and 98.7% of 

the Ph+-C104- as shown in Table 8. 

With Phenoxathiin Cation Radical Perchlorate 
in Methvlene chloride 

The reaction of the DPAM with Ph"'"-C104- in methylene chloride as a solvent was 

ciu-ried out. Benzaldehyde benzylhydrazone, the oxidation product of the DPAM 

(benzalazine), and benzaldehyde, the product of hydrolysis of benzaldehyde 
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benzylhydrazone, were obtained as shown in Table 9. Further separation of products and 

complete assay were not pursued, but the product balance (88.7%) of Ph"*"- was quite good. 

As expected, half of benzaldehyde benzylhydrazone was left without further oxidation 

in run 3 ( molar ratio of Ph-^-/DPAM = 1.08/1.00 ) and a good product balance (95.1 %) 

was obtained. 

With Trisfp-bromophenvDaminium Hexafluoroantimonate 

DPAM reacted rapidly with TBRA^-SbFe' in acetonitrile solvent. The major products 

are listed in Table 10. It is seen that they account for 79.9% of the DPAM and 42.0% of 

the TBPA"^-. Unlike the reaction of Th"^-C104- with DPAM, trace amounts of 

N-benzylacetamide and benzalazine were found. The reaction was not clean and the 

product balances were not good. However, l-benzyl-3-phenyl-5-methyl-l,2,4-triazole 

was obtained, as in the reactions with Ph"*--C104- and of Th-'-C104-. The mechanism for 

the formation of triazole is analogous to that shown in Scheme 9. 

The stoichiometry of the oxidations can be explained by Equations 59-64. Benzyl 

radicals and benzyl cations are formed from an initial one-electron oxidation of DPAM by 

TBPA"*"- (Equations 59-60). Some benzyl radicals escape oxidation and dimerize to give 

bibenzyl as shown in Equation 61. Some benzyl radicals are oxidized again into benzyl 

cations which react with acetonitrile to form a carbocation intermediate (Equation 63) in a 

Ritter-type way, leading to an N-benzylacetamide (Equation 64). 

TBPA+- + DPAM 

(DPAM)"^-

2 PhCH2-

TBPA+- + PhCH2-

• TBPA + (DPAM)"^-

PhCH2- + PhCH2+ + N2 

PhCH2CH2Ph 

• PhCH2+ + TBPA 

( 59 ) 

( 6 0 ) 

( 6 1 ) 

( 6 2 ) 
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PhCH2^ + CH3CN 

PhCH2N=C"^CH3 + H2O 

PhCH2N=C-^CH3 ( 63 ) 

• • PhCH2NHCOCH3 + H+ ( 64) 

Another possible mechanism for the formation of bibenzyl and N-benzylacetamide is 

the complexation mechanism (Equations 65-68). The initial step is the formation of a 

complex between TBPA"^- and DPAM (Equation 65), which then undergoes further 

oxidation to form a dication (Equation 66). Decomposition of the dication generates benzyl 

cations (Equation 67). The competitive decomposition of the monocationic complex 

generates benzyl radicals and benzyl cations (Equation 68). 

TBPA+- -H DPAM • (TBPA/DPAM)+-

(TBPA/DPAM)+- + TBPA+- • (TBPA/DPAM)2•^- + TBPA 

(TBPA/DPAM)2+ • TBPA + 2PhCH2+ + N2 

(TBPA/DPAM)-*"- • TBPA + Ph2CH2- + PhCH2+ + N2 

( 6 5 ) 

( 6 6 ) 

( 6 7 ) 

(68 ) 

Reaction of Tris(p-bromophenyl)aminium Hexafluoroantimonate 
with Benzaldehyde Phenylhydrazone 

In order to test the validity of the mechanism for the formation of the triazole shown in 

Scheme 9, reaction of TBPA"'"SbF6' with benzaldehyde phenylhydrazone was carried out 

in acetonitrile solvent. Reaction was rapid and oxidative cycloaddition to the acetonitrile 

solvent occurred with formation of l,3-diphenyl-5-methyl-l,2,4-triazole (16). 

N. 

Ph—C N" 

\ / 

Ph 

N: 
^CH. 

16 
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The other products obtained were benzaldehyde, TBPA, BrTBPA, and Br2TBPA. 

Their yields and products are listed in Table 11. The products accounted for 74.1-74.5% 

of the hydrazone and 98.6-100% of the TBPA-^-SbFe". 

Formation of benzaldehyde can be attributed to the hydrolysis of the benzaldehyde 

phenylhydrazone. The mechanism for the formation of BrTBPA and Br2TBPA is not 

known. 

Oxidation of Arvloximes of Chalcones. Benzalacetones. 
and Cinnamaldehvdes bv Thianthrene Cation Radical 

Oxidations of aryloximes of chalcones (17a, R = C6H5, X = H; 17b, R = C6H5, X = 

4-OCH3), benzalacetones (18a, R = CH3, X = H; 18b, R = CH3, X = 4-Cl), and 

cinnamaldehydes (19a, R = H, X = H; 19b, R = H, X = 2-NO2) were carried out by 

adding acetonitrile by syringe to a stirred, septum-capped round-bottomed flask containing 

the solids Th"'"-C104" and aryloxime under argon. All reactions but 17b were carried out 

without 2,6-di-tert-butyl-4-methyl-pyridine (DTBMP) and were conducted for 2 days. The 

reaction of 17b was performed in both the absence and the presence of DTBMP. The 

reaction was complete within 5 minutes in the presence of DTBMP. After neutralization 

with sodium bicarbonate solution and workup, products were identified by GC-MS and 

were analyzed quantitatively by capillary GC with the use of authentic compounds as 

standards. 

X 
R 

CH=CH —C=N-OH 

17, R = C6H5; 18, R = CH3; 19, R = H 
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20, R = C6H5 

21, R = CH3 

22, R = H 

23, R = C6H5 

24, R = CH3 

The oximes, isoxazoles and oxazoles listed in Table 12 were prepared by standard 

procedures as referenced and had satisfactory melting points, MS, and NMR data. 

Results of six oxidation experiments listed in Table 13, show product balances 

averaging about 74% of the oxime and 95% of the Th"*"-. Depending on the nature 

of X in aromatic rings and R in 17-24 the corresponding isoxazole, oxazole, nitrile, and 

aldehyde were obtained. Thianthrene (ThO) and thianthrene 5-oxide (ThO) were also 

major products. ThO is obtained usually from unconsumed Th"*"-C104- that is hydrolyzed 

during workup. But, ThO was formed in somewhat larger yield than expected in the case 

of 19a. 

Aryloximes of the types 17 and 18 readily underwent their oxidative, intramolecular 

cyclization into the cortesponding isoxazoles (20 and 21) and/or oxazoles (23 and 24). As 

expected from results of analogous oxidative intramolecular cyclizations of arylhydrazones 

of chalcones and benzalacetones (52), 3-R-5-arylisoxazoles were obtained as major 

products. The stoichiometry of oxidative cyclization of 17 and 18 to isoxazoles by Th"*"- is 

rationalized in Scheme 11, although mechanistic detail for establishing the sequence of 

steps has not been validated. The mechanism is very similar to that of oxidative 

intramolecular cyclizations of arylhydrazones of chalcones and benzalacetones by 

Th+-C104- to pyrazoles (52). 



Scheme 11 

ss 

R 

XC6H4-CH=CH-i=N-OH 
Th+* 

R 
I -I--

* - (XC6H4-CH=CH-C=N-OH] + Th 

-f-

XC6H4-CH-CH=C-N-OH 

R 

-J. 

20,21,22 -H Th -h H^ ^ 
Th .+ ' 

XC6H4-CH X —R 

\ / 
+ 0 

I 

H 

•N-

H^ 

.CH 

XC6H4-CH C-

\ / / 
O N 

•R 

The formation of oxazoles is a surprising result, even though their amounts were 

small. An a,(3-unsaturated oxime cation radical in the open chain form shown in 

Scheme 11, cannot account for the formation of an oxazole (23 and 24). Therefore, 

another possible mechanism is proposed which involve an oxaziridine cation radical (25 

and 26, Scheme 12). Scheme 12 shows the opening of the C-C bond and N-O bond for 

the formation of the 23 and 24 and shows also how the isoxazoles, 20, 21, and 22 could 

be formed. Conversion of 25 into 26 would be facilitated by the HCIO4 that is generated in 

the formation of isoxazoles. 
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Scheme 12 

R 

XC6H4CH = CH-( :" t . 

* 

^ R 

XC6H4CH — C H = C 

R 
I 

N-OH ^ » XC6H4CH = CH—C N-

25 H 

N-OH 

' ' 

XC.H. CH C - R '6^M 

\ / / 
O N 

' ' 

t l 
R 
I +• 

X C 6 H 4 C H = CH—C O 

26 H 

' ' 

R 

XC6H4 CH —CH-NH-C=0 

'' 

XC^H4CH 

CH 

\ / / 
O C — R 

+ H^ 

Th +« Th"" 

20,21,22 -I- Th -f- 2H"^ 23,24 -h Th + H+ 
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The effect of the base in the case of 17b was to enhance formation of 3-phenyl-.^-(p-

methoxyphenyl)isoxazole. Therefore, it may be that the function of added DTBMP is to 

increase the rate of loss of the first proton (Scheme 13), without which the second 

oxidation step by Th"*"- would be slow. 

Scheme 13 

H 

XC6H4-CH=CH-C=NOH + Tĥ -̂ X C . H . - C H = C H - C = NOH 
'6"4 

27 
I 

/ ^ \ 

H 

XC6H4-CH=CH-C = NOH^* + Th 

27 + Th+* •*- XC6H4-CH=CH-C=N-0-S + 

28 

Ĥ  + Th 

H ^y 
X C . H 4 - C H = C H - ( : = N - 0 - S ; • X C 6 H ^ H = C H - C = N + ThO + 11 

'6'^M 

28 
\ 

Th+- = S, ThO= 0=^ 



During the reaction of aryloximes of 19 (R = H), nitrile XC6H4CH=CHCN was 

formed as a major product along with aldehyde, XC6H4CH=CHCHO, as would be 

expected from the results of reactions of aldoximes (RCH=NOH) (107). One of the 

possible routes for the formation of nitrile is shown in Scheme 13 which includes the direct 

participation of thianthrene cation radical in the dehydration of the oxime by intermediates 

27 and 28. 

In the reaction of aryloximes of 19, 8.6% of 19a and 36.9% of 19b, the 

cortesponding a,p-unsaturated aldehydes, were formed. The mechanism of aldehyde 

formation is not understood. However, in work with p-MeOC6H4CH=NOH, Chiou 

found with the use of H2^^0 in workup, that the aldehyde was formed in a reaction 

involving the workup water (107). We suggest in analogy that the aryloxime and 

thianthrene cation radical produce an intermediate 30, which may react with added water 

during workup to give aldehyde (Scheme 14). The hydroxysulfilimine which is fomied 

along with aldehyde would hydrolyze to form thianthrene 5-oxide. Also, aldehydes, 

XC6H4CHO, were formed to a small extent from the reaction of aryloximes 18, for which 

formation are not known. 

In the case of 19a, GC/MS data indicated that small amounts of products from 

intramolecular oxidative cyclization (5-phenylisoxazole, 22) and oxidative cycloaddition, 

3-styryl-5-methyl-l, 2, 4-oxadiazole were formed. The formation of the latter product is 

attributable to addition of the oxime cation radical (19a"*"-) to the solvent, as experienced, for 

example, with reactions of arylhydrazones. 

In conclusion, we have found that reaction of Th"*"- with aryloximes of chalcones and 

benzalacetones causes their oxidative, intramolecular cyclization into cortesponding 

isoxazoles and/or oxazoles. However, in the reaction of Th"*"- with cinnamaldehyde 

oximes, the major products were the cortesponding nitriles. 
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Scheme 14 
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\ H2O \ 
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CHAPTER IV 

SUMMARY AND CONCLUSIONS 

From studies of the reaction of radical and radical cation of azoalkanes and oximes 

following results are summarized. 

1. Photolysis of l,r-azoadamantane in acetonitrile with 350-nm light led to the 

foi-mation of adamantane, l.l'-biadamantane, N-cyanomethyl adamantyl methyl ketimine, 

and succinonitrile. The results show that the principal fate of free adamantyl radicals is 

abstraction of the hydrogen atom from the acetonitrile. Also to some extent adamant) I 

radicals added to the nitrile carbon atom. 

2. l,r-Azoadamantane was oxidized by TBPA"*"- in acetonitrile solution affording N2 

and carbocationic products under mild conditions. The formation and reactions of free 

adamantyl radicals are not a significant pathway in the oxidative decomposition of 

l,r-azoadamantane by the TBPA cation radical. 

3. Reactions of 1,4-diphenylazomethane with Ph"*"-C104- and TBPA"*"-SbF6' in 

acetonitrile led to the formation of 1,2,4-triazoles. A triazole was formed by the oxidati\ e 

cycloaddition of the tautomeric hydrazone to the solvent. Also oxidative decomposition 

occurted to give benzaldehyde, benzalazine, and bibenzyl. 

4. Reactions of Ph+-C104" with 1,4-diphenylazomethane in methylene chloride 

containing successively acetonitrile and propionitrile led to a small amount of the 

corresponding 1,2,4-triazoles. Reaction of the cation radical of the hydrazone with nitrile 

was diminished by the low concentration of the nitrile and, therefore, led to lessened 

cycloaddition. 

5. Reactions of TBPA"*--SbF6" with benzaldehyde phenylhydrazone in acetonitrile 

produced the 1,2,4-triazole and benzaldehyde. 
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6. Reactions of aryloximes of chalcones and benzalacetones with Th"*"-C104' m 

acetonitrile caused their oxidative, intramolecular cyclization into the cortesponding 

isoxazoles and/or oxazoles. However, in the reaction with cinnamaldehyde oximes, the 

major products were nitriles instead of intramolecular cyclization. 
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