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Abstract - Heterocyclic reanangements of benzofuroxans, benzohiazoles, 

fumxans, 1.2.4-oxadiazoles, benwfuroxans, anthranils, hiazoles, benzotriawles, 

isoxawles and some related compounds are reviewed in connection with the 

problem of benzofuroxan ring chain tautomerism. Both mono and bicyclic 

rearrangements of these five-membered heterocycles and their benzo-derivatives, 

and related heterocyclic transformations are discussed with an emphasis on the 

most relevant earlier and recent studies. 
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1. Introduction 

Heterocyclic rearrangements cover an enormous field of organic chemistry and have been extensively 

studied and revie~ed.'~ Reactions of this type have been found for most heterocycles (see, e.g. ref. 4). and 

many new rearrangements are reported in the chemical literature each year. 

With reference to five-membered heterocycles, the best known examples include the D i t h  

rearrangement of azoles,'35 a ~ i n e s ~ . ~  and az~loazines,"~~ as well as Cornfonh and 

monocyclic rea1rangements.2~ The present review is concerned with heterocyclic rearrangements of 

benwfuroxan and related compounds. Monocyclic transformations of this type have been previously 

reviewed as mononuclear heterocyclic rea~~an~ernents ,~~~~ '  and benzo-fused systems also have been 

,er~2"-12 

These reactions of benwfumxans and related compounds are intimately related both mechanistically and 

historically with benzofumxan tautomerism, the discovery of which led to the recognition of the generality 

of mono- and bicyclic rearrangements of five-membered heterocycles and their benzo-derivatives with 

appropriate side  chain^^^^^^'“ (see below, Schemes 19 and 29). Heterocyclic transformations of 

benzofwxans and related heterocycles are not limited to these two types of reactions (see, e.g., 

reviews1215). In the present review, rather than an exhaustive presentation of all known examples of these 

transformations, we aim to present an overview of the field. The emphasis is on data which have been less 

discussed previously and to cover recent studies. 

2. Ring Chain Tautomerism in Benmfuroxans and Related Bicyclic Heterocycles 

Benwfuroxan was fmt prepared at the end of the 19th century and was early on obtained by several 

different methods as shown in Scheme 1. It was assigned fmt the o-dinitroso ~tructure,'~ then a peroxide 

smcture," and fmally, in 1912, the correct structure was given to it by Green and Rowel8 (Scheme I). 
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Scheme 1. Reparation and Sugrrested Struchlres for Benwfuroxan 

aN3 NOH 
A - Benmfuroxan 

- N2 
NO2 

4 

1894 1907 

Noelting and Kohn16 Foster and Fierzl' Green and Rowels 

However, these same researchers attempted to prove the unsymmetrical nature of the compound and to their 

surprise, obtained19 the same product on the sodium hypochlorite oxidation of isomeric o-niaoanilines 

shown in Scheme 2. Because of this finding, several other formulae were suggested, including the tricyclic 

structure1920 and the unlikely pseudo s t r u c ~ r e ~ ~ ~ "  also shown in Scheme 2. 

The correct explanation for this dilemma was suggested by H a m m i ~ k . ~ ~  It was that benmfuroxan rapidly 

rearranges between the two asymmetrical hicyclic smctures through the ring opened dinitroso form 
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Scheme 2. Sugzested Structures for Benzofurans 

Green and Rowe experiment l9 

further erronwus symmetrical structures suggested: 

Green and R o ~ e ' ~ . ~  Boyer w-o-nimso comp~und)~' 

(Scheme 3). 'Ibis postulate was later conclusively proved by nmr ~ ~ e c r n s c o ~ ~ ? ~ ~ ~ ~  

Scheme 3. Molecular Rearrangement of Benzofumxan 

In Scheme 4. 'H and I3C nmr specm of benwfumxan are shown at low and high temperature, the low 

tempcrature spcctra correspond to the unsymmetrical form, and those at high temperature to the rapidly 

equilibrating mixture of the two equivalent unsymmetrical forms. 



Scheme 4. High and Low Temperature nmr Spectra of Benzofuroxan 

Assignments for signals and coupling constants in henzofuroxan are given in Scheme 5. 

"0 Nmr studies also indicated the presence of two non-equivalent oxygen atoms in the molecule of 

henzofuroxan at 28 OC, and Dnmr effects were observed at higher  temperature^.^' 

Thus, dynamic resonance effects in 'H, "C, 15N and 170 nmr spectra all confirm the unsymmenic structure 

and tautomerism of benzofuroxan. A full account on the history of srmctural assignments in the furoxan 

series has been provided inan earlier review by Gasw and Bo~lton.'~ 

Numerous studies on the tautomerism of furoxans and benzofuroxans show that the chemical behavior of 

above mentioned heterocycles is consistent with the mechanism of Scheme 3.'215.3233 However, definitive 

evidence for the intermediacy of cis-diniuosoalkenes and of o-dinitrosoarenes (Scheme 3) in these 

uansfmations was presented only in 1991 when o-dinitrosobenene was isolated in Ar manixes at 14 OK by 



I Scheme 5. Chemical Shifts and Couoling Constants for Benzofuroxan 

'H nmr spectra in acetone (-42 OC) 

and 'in C Q  (130 0C).x27 

13c nmr spectra in C D 4  at -15 and '65 OC 

m specka in acetone at -10 and *55 0C?9 

1 4 ~  m spectra i) in acetone at 55 OC : 6 26 ppm;W 

ii) in acetoneDMF at mom temperame: 6 27 ppm.30 

the photolysis of benwfuroxan or o-nimphenyl azide, and characterized by ir and uv spectra.34 Subsequent 

thermal and photochemical isomedzation into benzofuroxan has also been observed, and supponing "N 

labelling experiments carried out.34 
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The tautomerism of benzofmxans as well as furoxans has been extensively studied by D n m  spectroscopy. 

Earlier studies on this topic have been reviewed by Boulton and Ghosh? Gasco and B o u l t ~ n ' ~  and briefly by 

paton.15 

Ring chain isomerism of this type (Scheme 3) also occurs in substituted benwfuroxans. The AG and AG* 

values for 5-nitro- and for 5.6-dinitrobenzofuroxan are shown in Scheme 6," and the low temperam 

specrmm of the mixture of 5- and 6-nitrobenwfuroxan in Scheme 7. Free energy differences for the 

t&tomeric equilibria of several substituted benzofuroxans are collected in Scheme 8.26J735 

I Scheme 6. Kinetic and Thermodvnamic Data for Some Niaubenwtiuoxans 

0- 

AG* = 13.6f 0.3 Kcah01 
ca. 30% c a  70% 

(- 31 OC) AG = 360 cal (-31 '0 

I AG* = 15 f 1 KcaUmol AG* = 15.0t0.3 KcaUmol 
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Scheme 7. Low Temperature Proton Specuum of Slowly Fmilibratina 5- and 6-Nitmbenzofumxans I 

Scheme 8. Free Enerw Differences for Benwfumxan Tautomeric Fauilibria I 

Tautomerim of 5 (6)-Substituted Benwfumxans 

AG* AG (caVmol) AG* AG (caVmol) 
R (KcaVmol) in favor of 6-R R (KcaVmol) in favor of 6-R 

 NO^' 13.9. 360 NHCOCH~~ 14.1 0 
5-NO2 6-CH,~ 12.1 50 OCOCH, b 13.8 - 100 

cw% 14.0 450 CI 13.9 - 200 

C02Hb 14.0 320 0CH3 14.6 - 400 

cH3' ca. 0 

The equilibrium constants imply small (0-500 cal/mol) energy differences, and indicate that 

electmn-acceptor p u p s  favour the 6-position and electron-donor groups the 5-position.35 This conclusion 

is in a good agreement with crystal structure determinations of 5-halobenwfumxans by Britton and 

~ o l a n d ? ~ , ~ ~  Other benzofumxans which have been studied by nmr specuoscopy include the 

5,6-dinitr0-,~6" 5,6- and 4,7-di~hloro-?~ 4 , 7 - d i b r o m ~ ? ~ ~ ~  5-bromo-, 5-chloro- and 5-i0do-?~ 
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5-chloro-4,6-dini~o-?~ 7-nitro-?' 4-arenesulfiny1-7-niho-?~ 4-niho-5-methoxy- and 

4-ni~o-7-methox~-5-tos~lmeth~l-?~ 4.6-diniho-7-(substituted amino or mido)-benzofuroxansM and a 

series of 1~-alkylenedioxybenzofuroxans45"8 (see below, Scheme 18). 

Free-energy values for the tautomerism of naphtho- and quinolinofuroxan~~~ reflect slower isomerization for 

these derivatives as compared to benzofuroxans. A number of other furoxans fused to carbwyclic 

heterocyclic ring have also been studied (see earlier  review^'^.'^). AG* values for the tautomeric equilibria 

of fumxanobenzofuroxan and furazanobenzofuroxan have been estimated as 21.7 f 0.3 and 22.0 f 0.2 

KcaVmol, respectively.50 In addition to thermal isomerization, benzofuroxans undergo analogous 

photochemical ~ansformation.~~ 

Recently reported tautomeric rearrangements in the furoxan series include those of chl0ro(~henyl)-,5~ 

nit~o@henyl)-?~ chI~m(methyl)-,~~ a~e ty l (me th~ l ) -~~  and f o ~ m ~ l ( m e t h ~ l ) f w x a n . ~ ~  The isomerization of 

3-phenylfuroxan to less stable 4-phenylfumxan has been reported, but no specual evidence was provided in 

the short comm~nication?~ 

The tautomeric equilibria in benzofuroxans and furoxans have been the subject of several quantum 

mechanics in~est i~at ions '~. '~  (see also ref. 51). Recently, the overall energy of 31 mono- and di-substituted 

fumxans was calculated using the MIND013 method;58 the structure of the more stable isomer was 

correctly predicted in each case. 

An anempt to establish criteria for the direction of benwfwxans reanangement using molecular mechanics 

models has also been made?9 Basing on a hypothesis that the act of rearrangement is ~ 0 ~ e c t e d  with the 

frequency of a vibrational motion of the nitrogen atom in a five-membered ring, satisfactory agreement was 

achieved with known experimental data. The most stable structure was characterized by the minimum value 

of the frequency (in generalized coordinates). In principle, this approach could explain the effect of the 

conformation of a molecule on its tendency toward forward or reverse benwfuroxan rearrangement." 
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The steric and electronic effects of aza-groups on the benwfuroxan equilibrium are summarized in 

Scheme 9?9.60 

Scheme 9. Aza-Groups: Steric and Electronic Effects 

0 
I ,  0- 

Favored by 0.95 KcaVmol 

(steric reasons) 

Favored by 0.3 KcaVmol (electronic reasons) 

(larger steric reasons) 

A 4u)-aza-group exhibits considerable preference for the 4-position of the benwfuroxan skeleton, as a 

result of electronic repulsions between lone pairs of the oxygen and the am-group. Energetically favorable 

charge delocalization can also contribute to the position of this equilibrium (Scheme 9). as is underlined by 

the quinolinofuroxan system?9 where the "exoM-tautomer is favored by only 0.3 KcaVmol, although the 

proximity is considerably increased in quinolino[8,7-c]furoxan over that in pyrido[6,5-clfuroxan (Scheme 

9). Evidently, the delocalization favorsquinblino[8,7-clfuroxan over its predominant tautomer in which no 

canonical form can be drawn to share the negative charge with the quinoline nimgen. 

AGO values calculated from the monosubstituted benzofuroxans in an additive scheme can be used to predict 

the tautomeric equilibrium for di- and tri-substituted benwfuroxans. As shown in Scheme 10, the additivity 

procedure gives relatively good results.@' 
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Scheme 10. Effects of Aza-substitution of Benwfuroxan Tautomerism 

Substinrents 

4-CH, 

5 - m 3  

4,6-diCH3 

40 Named 
tautomer 

75.0 

52.4 

74.2 

89.1 

91.4 

87.8 

81.6 

a 
Temperature of the determination of equilibria. 

bA positive sign indicates a predominance of the tautomer indicated in the f is t  column. 
'Predicted assuming additivity of group effects, from values of 4-CH3, 5-CH3 and 4-aza substinrents 
d~ifference between observed and predicted values. 

An extra effect noticeable for the 4-aza-7-methyl- and 4-aza-5.7-dimethylbenwfuroxans has been explained 

in t m  of a weak hydrogen bonding between N-oxide oxygen and the methyl group hyperconjugated with 

the aza-nimgen.60 
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3. Benmfuroxan to Benzimidazole Rearrangement 

The alkylation of benzofuroxan with methyl aiflate leads on to an interesting i~omerization.~' The initial 

N-alkylated derivative ring opens and then a new ring closes with the carbon atom introduced by the 

alkylation becoming the 2-carbon of benzimidazole (Scheme 11). 

Scheme 11. Methvlation of Benzofumxan 

The final product is 1-hydroxybenzimidazole 3-oxide, the structure of which was confumed by nmr and uv 

spectra. The uv and nmr spectra of this compound were quite compatible with those of its 2-methyl 

derivative prepared as shown in Scheme 12. 
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Scheme 12. Alkvlated Benwfuroxan Rearrangement - Conformation of Structure 

Scheme 13. Ring Chain Tautomerism of Benzohiazole Derivatives: Cornuarison with Benzofuroxar 

benzofuroxan - in equilibrium with trace of o-dinitrosocompound 

detected in Ar matrixes (14OK) 34 

o-nitroso(ary1aro)benzenes are completely cyclized 

N:NR a NO - a::N N \ - - 
0 

o-bis(azo) compounds do not cyclize 
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4. Ring Chain Tautomerism in Benzotriazole Derivatives 

The ability of benmfuroxans to isomerize via ring opening to o-dinitrosohenzenes is usually absent in the 

corresponding cyclized derivatives of o-nimsoazobenzene or in o-bi~(phenylazo)benzenes.~2~~ Normally, 

the former exists completely in the cyclized fonns as henzohiazole 1-oxides, and the latter wmpletely in the 

open chain form as o-hisaw compounds, as indicated in Scheme 13. 

However, certain o-bi- compounds have been shown to ~ ~ c l i z e . ~  This is illushated in Scheme 14 where 

the preparation is given of I-cyanoimidobenzoniazole. Evidence that this does indeed exist in the c y c l i  

srmcture is given in Scheme 15.6' 

Scheme 14. Preparation of 1-Cvanoimidobenzohiazole 

"="" 
N= NPh 

NH2 .-.-a NHCOPh 

N=NPh 
+ 

N=NCN I - 
no evidence for tetrazine structure 

CN 
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Scheme 15. Characterization of 1-Cyanoimido2-~henvlbenzotriau,le 

kCN IR: v CIN 2150 cm-' ( t 400). 

compare and contrast with 

IR: v G N  2200 m-' (t 15). UV: hmax 448,341,226 ( e 2,100, 16,350; 12,690) 

IR: v CkN 2195 cm-' (t 72). 

5. Bicydie Rearrangements of Benzofuroxan and Related Compounds 

A nitm group in the 4-position of benzofuroxan could interact with the furoxan ring as shown in Scheme 16. 

However, the central smcture is incorrect and any rearrangement of this type is slow on the nmr time scale 

as the nmr specmm of 4-nitrobenzofuroxan is an ABC pattern even at elevated temperatures.64 

However, it did seem possible that isomerization could take place between the two smctures. On searching 

the literature, it was found that the nitration of 4-methylbenzofuroxan and of 5-methylbenwfuroxan had 

both been investigated and that they had been reported to give different compounds. However, the literature 

melting points given were very similar. When this work was repeated, it was found that while the nitration 



Scheme 16. 4-Nimbenzofumxan 

Nmr shows ABC pattern 
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- 
products could indeed be isolated as different compounds, on gentle heating, 4-nitro-5-methylbenzofuroxan 

isomerized completely to 4-nitro-7-methylbenzofumxan which evidently has less steric 

(Scheme 17). 

Scheme 17. Isomerization of Methvlnimbenzofuroxans 

Rearrangements of 4(7)-nimbenzofuroxans have since received much attentions and the earlier works have 

been 1e,viewed.2'~.'~ Recently, Takakis er al."s46" studied analogous transfomtions in a series of 

1.2-alkylenedioxyni~benmfuroxans. Results of this works are summarized in Scheme 18. 
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The data obtained have been rationalized in terms of a fine balance of steric, electronic, wnformational and 

strain effects. Thus, an unexpectedly facile and imversible uansformation of 1.2-methylenedioxy- 

nitrobenzofumxan to the corresponding Cniwo-derivative (Scheme 18) has been athibuted to the relief of a 

strain imposed by the double bond at the junction of the two rings in the starting rnolec~le?~ The initial 

o h s e ~ a t i o n s ~ . ~ ~  suggested the possibility of a class of general bicyclic remangements as shown in Scheme 

19.14.67 A few examples of possible rearrangements of this type are given in Scheme 20. 

Scheme 18. Rearrangements of 1.2-Alkvlenedioxvnitrobenzofumxans 

 NO^ 
The observed order of reactivity:46 (n = 3) = (n=4) > (n = 5) >> (n=2) 
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Scheme 19. Possible Generalization of Bicvclic Rearrangement 

+ -  + -  
A, E = N, N-0,  N-NR, CR 
B,F=O.NR,S  
D = N, CR For D = N, 21 combinations are possible 

Scheme 20. Examples of Possible Bicvclic Rearrangements 
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Scheme 21. 4-Arvlmbenwfuroxan Rearrangement 

Subsequent work indeed confumed that such rearrangements do take place, as demonstrated for the 

4-arylazobenzofuroxan remgement  to a niuobenwtriazole in Scheme 21:' 4-ni~osobenzofuroxan 

rearranging to niuobenwfurazan in Scheme 22,67 4-acylbenwfuroxan reananging to a niuoanthranil in 

Scheme 23,68 and a 4-iminoalkylbenzofuroxan rearranging to an indazole in Scheme ~ 4 . ~ ~  The spontaneous 

rearrangement of 5-nim-4-arylawbenzof~~~xan into 4,7-diniuo-2-arylbenwUiazole shown on Scheme 21 

involves the benwfuroxan isomerization of 6-niuo-7-arylazobenzofuroxan initially formed from the 

o-nimaryl azide." 
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The nitrosation of 5-dimethylaminobenzofuroxan is followed by spontaneous rearrangement of the 

intermediate 4-nitroso-derivative and leads directly to 7-niuo-4-dimethylaminoben~furazan~~ (Scheme 22). 

The structure of this product was proved by independent synthesis fmm 1-niuo~2,6-dichlorobenzene. 

Scheme 22. CNitrosobenzofuroxan Rearrangement 

4-Acetyl- or 4-fomylbenwfuroxans, preparated by nitrogen elimination from the corresponding 

2-nitrophenyl aides, rearrange spontaneously to anthranils as exemplified in Scheme 23.68 Attempted 

isolation of the intermediate benzofuroxan failed, indicating its rapid conversion under the reaction 

conditions. 
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Scheme 23. 4-Ace~lbenzofuroxan Rearrangement 

I 

4-Iminoalkylbenzofuroxans (including hydrazone, oxime and mil derivatives) could also not be isolated on 

the t h e l y s i s  of their 2-nimaryl azide precursors; instead they rearranged sponranwusly into the 

corresponding indawles as shown in Scheme 24.68 Analogous transformations of 

4(7)-iminoaUrylbenmfmxans generated in situ from the corresponding formylbenzofuroxans and primary 

a r n i n e ~ . ~ ~  hydroxylamines or hydrazonesl' have been applied to the synthesis of 2-substituted indazoles 

(Scheme 25). 

Scheme 24. 4-Iminoalkvlbenzofumxan Rearrangement 



504 HETEROCYCLES, Vd. 35, No. 1.1903 

Scheme 25. Preparation of Indazoles from Furoxans 

I CH= 0 CH= NR' 

It is not only benwfuroxan rings which undergo such rearrangements. Scheme 26 shows how 

4-nimsoanthranil can rearrange to 4-a~etylbenwfurazan?~~~~ This reaction provided early evidence for a 

nitroso-intermediate in the phosphite reduction of ni!recompo~nds.'~ 

Scheme 26. 4-Nimsoanthranil Rearrangement 

6. Ring Chain Tautomerism in Furoxans and Related Monoheterocycles 

The oxidation of adhydrazones was initially repofled to yield dihydro-1.2.3.4-tetradnes as shown in 

Scheme 27?273 However, the actual smcture proved by X-ray crystallography is that of the iso-imide 

shown in Scheme 28. The iso-imide easily rearranges on heating to the imide ~mcture.'~ 
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Scheme 27. The Oxidation of a-Diketone Acvlhydramnes 

I incorrect structure 

Scheme 28. Rine. Chain Tautornerism of Triazoles 

R x N - m m A I  

R 
\c'N\'N - COAI R 0 - I I - g ; N - C ? k  

R N-NHCOAI R / C ' ~  R 
I. 

AI 

Iso-imide structure 

The existence of the above mentioned bicyclic rearrangements (Scheme 19) indicated that analogous 

monocyclic rearrangement should also be possible, and the general formulation that delineates these 

arrangemenu" is given in Scheme 29 (for a review see2). 
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Scheme 29. Monocyclic Rearrangements - Scove 

Starting Material Product 

CCO isoxazole 

CCN pynole 

CNO 1,2,4-oxadiazole 

N M  19.4-oxadiazole 

CNN 1,2,4-!3iazole 

NCN 1,2,4-triazole 

NNN temzole 

XYZ' - 
C-C=C pyno~eb 

C-C=N pyrazole 
b 

C-N=C imidazole 
b 

NH-C=C imidazole 

C-C=O isoxazole 

0-C=C oxazole 

C=N-N 1.2.3-hiazole 

k atoms are not shown. 
b . .  
Inma1 products undergo isomerization to a stable tautomer. 

Three isolated examples of monocyclic ring transformations (or "mononuclear heterocyclic 

had been published prior to 1968 by various a u t h ~ r s ~ ~ - ~ ~  (Scheme 30). but the generality 

of this rearrangement had not been recognized. 

Morover, the rearrangement of (furazan-3-yl)ketones described by Cusmano and Gian~brone~~ was 

reinvestigated in 1983, and their starting "ketones" proved to be in fact isoxazole oximes, which evidently 

were hydrolyzed under the reaction  condition^.^^ Interestingly, the hue ketones did not give any r e m g e d  

products and were recovered unchanged upon heating with ethanolic hydrochloric acid78 (conditions of the 

ref. 77). 
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Scheme 30. Monocyclic Rearrangements: Early Examples 

- 
N\  /N 

Ref. 75 0 

Ref. 77 

R - 
Ref. 76 

M~~ 
N\ ,N 

N 
I 
Ph 

Some other typical examples of monocyclic rearrangements that were discovered after the generality of the 

reaction had been recognized" are shown in Scheme 31 (for a review see2). 
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Scheme 31. New Examples of Monocvclic Rearrangements 

The base-induced rearrangement of 3-acylisoxazole oximes to furazans depends suongly on the geomeny of 

the o x i m e ~ . ~ ~  Not unexpectedly, compounds with the (2)-configuration of the oxime chain rearrange 

readily, whereas a complete recovery of (E)-isomers was possible. 

Studying reactions of fulminic acid derivatives, De Sarlo et ~ 1 . ~ ~  observed the base-induced wansfonnation 

of the adduct of fulminic acid himer and norbomene into the furazan oxime, as depicted in Scheme 32 (ct 

with Scheme 29, ABD = CCO, XYZ = CNO). 

This process is clearly similar to the rearrangements of 3-acylisoxazole oximes discussed above (cf. with 

Scheme 31), and suggests a further extension of the original Scheme 29 to analogous transformations of 

azoline derivatives in which an A=B bond is replaced by a saturated fragment. 
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I Scheme 32. Rearrancement of 3-Oximinoisoxazolidine 

The reaction of 3-amino-6-phenyl-1,2,4-oxadiazole with ethoxycarbonyl isothiocyanate initially was 

reported to afford the corresponding thiourea?' However, Vivona er al. recently reinvestigated this 

transformation and found that under a variety of conditions it led to 12.4-thiadiazole derivatives as a result 

of a spontaneous rearrangement of initially formed thioureas, which could not be isolateds' (Scheme 33: cf. 

with Scheme 29, ABD = NCO, XYZ = NCS). 

By contrast, analogous reactions of of 3-amino-5-methylisoxazole and of 3-aminofurazan enabled an 

isolation of intermediate thioureas, further rearranged into 1,2,4-thiadiazoles (Scheme 33: cf. with Scheme 

29 , XYZ = NCS, ABD = CCO and ABD = CNO, respectively). The latter two transformations are 

facilitated by bases, depmtonation evidently enhances the nuclwphilic character of the sulfur atomU1 
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I Scheme 33. Rearrangements of 1.2.4-Oxadiazoles. Isoxazoles and Fummns 1 

Fused 3-acylfuman (a-arylhyhzones were rearranged under thermal basic conditions to the 

corresponding benzo[d][l,2,3]niazoI-4-one oximesu2 (Scheme 34). 

Attempts to achieve analogous photochemical uansfotmations (photochemically allowed by the sypra-supra 

process, assuming that the uncatalyzed reanangement is a pencyclic reaction) were not su~cessful?~ nor 

were attempted thermal or photochemical monocyclic heterocyclic rearrangements of 2-aryl-4A6.7- 

-tewhy~6,6-dimethyl-2~-benm[d][1~,3]mazol-4-one ( ~ - ~ l h y ~ o n e s . 8 3  
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Scheme 34. Rearrangement of Fused 3-Acvlisoxazole (Z)-Arvlhvdramnes 

m Benwldlll,2,3ltriazol-4-one 0ximes 

Recently, the rearrangement of 1.2.4-oxadiazoles 3-carboxamidoximes to 3-acylaminofwazans (cf. with 

Scheme 31, ref. 2) was extended by a similar synthesis of diaminofurazan fmm 

5-trifluommethyl-1,2,4-oxadiamle 3-carbo~amidoxime~~ (Scheme 35) 

Scheme 35. New Exmules of 1.2.4-Oxadiazole and Furazan Careboxamidoximes Rearrancement 

NH" 

Ref. 84 

KOH 
130 OC 

N - O H  

Ref. 85 
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The degenerative rearrangement of 'S~-labelled 3-aminofurazan 4-carboxamidoxime required more 

rigorous conditions and was studied by mass spectrometric analysis.85 An analogous transformation of 

pentamethyleneamidoximes of 4-aminofurazan-3-carboxylic acid also bas been investigated86 

Recently, Cusmano er a[?' reported a base-catalyzed reamngement of 3-(6-phenanthridin-5- 

y1)aminofurazan into 1,2P-triazolo[l,S-flphenanthridine (Scheme 36). This rearrangement is closely related 

to previously reported transformations of arylformamidinoazoles to 1,2,4niazole derivative~.~ In this case, 

the nuclwphilic imine nitrogen of the formamidino side chain is incorporated into the heterocyclic ring. The 

reaction is probably the fmt application of the monocyclic heterocyclic rearrangement to the synthesis of a 

bridged nitrogen system (cf. with Scheme 29, ABD = CNO, XYZ = NCN). 

Scheme 36. Rearrancement of 3-(6-Phenanthridin-5-v1)aminofurazan to 

1,2,4-Triazolol1.5-flphenanhidine 
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The mechanisms proposed for monocyclic rearrangements have been reviewed by Ruccia et al.' Similarity 

and difference between mechanisms of transformations of Schemes 19 and 29 (referred to as 

"rearrangements of the first and second type", respectively) have also been analyzed by Howatz et al? In 

the first case (Scheme 19), the ring transformation proceeds with concomitant alteration of the electronic 

smcture of the fused benzene ring and the side chain, and regmuping of the quinonoid n-electronic system 

is an important feature of these reactions. By contrast, no shift of the double bond is necessary in the second 

type of the rearrangement (Scheme 29). formally the n-electronic system remains unaltered, and a pmton 

migration (or transfer of a negative charge) is involved in the 

An extension of the rearrangement of the second type has been ~uggested,~ based on the transformations of 

3-(2-aminoethyl)-1,2,4-0xadiazoles~~ and 3-(2-aminoaryl)-1,2,4-oxadiazoles89 to 3-acylamino-2-pyrawlines 

or fused 3-acylaminopyrazoles, respectively (Scheme 37). 

Scheme 37. An Extension of the General Monocvclic Rearrancements 

R 

R' Ref. 89 
N' 

R R 
\ ' R - \ 

I 
Ref. 7 R'~\,,, N 

N\ /" z 

R = H, alkyl, etc., or R + R = a single bond (n - bond between A and B) 
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