
REACTIONS INVOLVING THE FORMATION OF FIVE-MEMBERED MESOIONIC 

HETEROCYCLES (REVIEW) 

V. G. Yashunskii and V. V. Ogorodnikova tTDC 547.793.794 

The available literature data on reactions involving the formation of five-membered 
mesolonic heterocycles are systematized and correlated. It is shown that the con- 
version of linear compounds to mesoionic heterocyclic systems is realized primarily 
via two pathways, viz., by dehydrocyclization and by protocyclization. These reac- 
tions are examined in greatest detail in the case of the formation of sydnones and 
sydnoneimines. 

Azoles that contain oxygen, nitrogen, and sulfur atoms in the ring and have an exocyclic 
group that includes one of the indicated atoms are mesoionic five-membered heterocycles. 

A characteristic peculiarity of these compounds, typical representatives of which are 
the widely known sydnones and sydnoneimines (I, II), is the fact that it is impossible to de- 
pict them satisfactorily by means of the generally accepted covalent formulas. 
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Mesoionic compounds have high reactivities and display many-sided biological activity, 
and some of them have found application as effective medicinal preparations [i, 2]. 

A number of problems associated with structures and methods for the preparation of five- 
membered mesoionic heterocycles have been discussed in review papers [3, 4]; however, no 
principles of the reactions involved in the formation of these compounds were ascertained and 
correlated in them. 

In the present review for the first time we have made an attempt to systematize and 
correlate the available literature data on reactions involving the formation of mesoionic 
five-membered heterocycles that contain nitrogen or oxygen atoms in the ring and in the exo- 
cyclic group. 

The formation of such heterocycles may take place either as a result of cyclization of 
linear molecules or by means of conversion of ordinary heterocycles. 

I. Formation of Five-Membered Mesoionic Heterocycles by Intramolecular Cyclization 

As a rule, the formation of mesolonic heterocycles takes place via intramolecular cycli- 
zation of linear flve-membered molecules that contain at the ends of their chains two reac- 
tive centers with unsaturated bonds; one of the latter forms an exocyclic group. Instances 
in which the necessary five-membered linear system is formed in the process of carrying out 
the cyclization reaction and its construction is a preliminary step are known. 

The cyclization that leads to the formation of mesolonic five-membered heterocyc!es can 
be depicted by the scheme 
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I n t r a m o l e c u l a r  c y c l t z a t i o n  may be r e a l i z e d  p r ~ m - r i l y  v i a  two pathways,  v i z . ,  r i n g  forma- 
t i o n  as  a r e s u l t  of  condensa t ion  (condensa t ion  c y c l i z a t i o n )  or  under the  i n f l u e n c e  o f  a c i d s  
( p r o t o c y c l i z a t i o n ) .  In a l l  cases  a neces sa ry  c o n d i t i o n  f o r  the  fo rma t ion  o f  a mesoionic  
b e r e t . c y c l e  i s  the  absence of  a hydrogen a t  atom b and the  p resence  o f  a hydrogen atoms a t  
a t o m  C �9 

Severa l  examples i n  which the  format ion  of  mesoionic  r i n g s  does no t  f i t  i n t o  the  schemes 
presented are known [5, 6]. 

i.I Condensation CTclizatlon. Th~s type of cycllzation takes place formally with 
splitting out of simple molecules~ vlz., water~ hydrogen halide, and ammonia. Five-membered 
llnear compounds contain an oxygen or nitrogen atom (X= 0 or X = NR) at one end of the 
chain and a carboxy group or its derivatives (COOR, C-= N, and CONH2) at the other. Carboxylic 
acid anhydrides or chlorides, as well as carbodiimides, are generally used as the cycllzing 
agents. 

T h e  most widely used reactlo~ for the preparation of mesolonlc flve-membered heterocycles 
by this method is cycllzation under the influence of acetic anhydride (or, less frequently, 
other anhydrides) of suitable linear molecules with a carboxy group aft the end of the chain 
(Z - COO~). 

b-c b-c 0 Ac,O ~., ~=0 
;~X C"OH X / 

Examples of the use of this reaction for the preparation of mesoionic heterocycles will 
be examined below. 

A. 

acetylglycines (III) with acetic anhydrlde[7] : 

"'~--c~ A,.O "\.--c. 
1,, I t . I  

cH~C~o COOFI cH~C.~C~o 
III N 

Reaction Center X = 0 

1,3-Oxazol-5-ones IV (a-b-c.= C-N-C). These compounds are formed by heating N-alkyl-N- 

R ~" N -- C.,COCI,~ 
1 4 - 1  c,.,;c-~'c~ 

%, 

Under the influence of trifluoroacetic anhydride, acylatlon product V was isolated along 
with oxazolone IV [8]. More severe conditions -- heating to 90~ in a mixture of acetic an- 
hydride w~th acetic acid -- are required for the cycllzatlon of aryl derivatives III [9]. 

Condensed oxazolone VI was obtained in the same way as IV from 2-pyridon-l-ylacetlc 
acid [i0]: 

[~N-C'~ c~176 Ac~ ,~"N-TC, 
" 

VI 

l~3~4-Oxadlazol-5-ones (Isosydnones) VIII (a--b-c ffi C--N~). 
by the actlonof phosgene in chloroform on l-amlno-2-pyrldone. 
nate VII is formed in the first step [I]: 

These compounds are formed 
It is assumed that isocya- 

" "  N /NH 2 COCI 2 N - 'N=C- ' -O  

Vii VIII 

Monocyclic aryl-substituted isosydnones are obtained under more severe conditions -- in 
reflux/ng toluene [12]: 

Ph... N 

Ph ~ "O"*" %0 

-.....c, coo, [.4._.. 1 
F-%O.o 

IX 

A mixture of oxadiazoles with mesoionic and normal structures is formed in the case of 
N-alkyl derivatives of the I~ type [13]. 
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1,2,3-Oxadlazol-5-ones (Sydnones) I (a--b-c = N-N-C). These compounds are among the first 
obtained and most thoroughly studied mesoionlc five-membered heterocycles. The first repre- 
sentative of the series --3-phenylsydnone (la) -- was first obtained in 1935 [14] by the action of 
acetic anhydride on N-nitroso-N-phenylglyclne (X): 

N.o COO. N.;~% 
X la 

The formation of the sydnone ring in excess acetic amhydrlde takes place at room tem- 
perature in 0,5-I months; heating accelerates the process, and the reaction is complete af- 
ter 2 h at 100~ [15]. The addition of a few drops of 70% perchlorlc acid also accelerates 
the cycl izat lon s lgn i f l can t ly  [16]. 

Other dehydrating agents in addition to acetic anhydride have also been used. The cy- 
clisatlon takes place more smoothly and considerably more rapidly with trifluoroacetlc anhy- 
dride, and the reaction is Sometimes complete after a few minutes [17]. 

Ring closing of substituted N-nitrosoglyclnes to give sydnones can be realized under 
the influence of carboxylic acid chlorides [18], benzenesulfonyl chloride in a mixture with 
phosgene [19], phosgene in chloroform [20], and thionyl chloride in pyrldlne [21]. Sydnone 
la is formed in rather high yield when X is heated with phenyl isocyanate [22]. Cyclization 
also proceeds successfully in the presence of dlalkyl- or diarylcarbodlimldes [23]. 

Although the character of the substituents attached to the nitrogen atom or the a-car- 
bon atom in nltrosoamlno acid X generally does not have a substantial effect on the cycllza- 
tion, examples in which the cyclodehydration is hindered or does not take place at all are 

known. 

Thus the stepwlse formation of sydnone rings is observed when dinltroso derivative XI 
is treated with acetic anhydride. Monocyclic derivative XII, which was converted to blssyd- 
none XIII by reaction with acetic anhydride, was isolated when the reaction mixture was 
allowed to stand for many days [24]. 

H OOCCH.-- N " ~ N  -- CH.COOH HOOCCH- - N ' ~ r ' ~  N - C H  
�9 1 ~ I " Ar z , \ v  / I § / 
o~N N~--'O " O~  '----' "'o'C~o - ' "  

Xl Xll 

- 

Xlll 

Stewart [25] has observed that when there is a carboxymethyl group attached to the a- 
carbon atom as in N-benzyl-N-nltrosoglyclne (XIV), cycllzation to a sydnone ring does not 
occur under the influence of acetic anhydride, and the product is anhydride XV, which upon 
prolonged refluxing in water is converted to the corresponding sydnone XVI: 

PhC H2~N ~ c~.CH2COOH P hCH2",. Ph CH2~ " .-CH2COOH 
i , A~o .~c.-c..___.., , , �9 ~%-c 

. " c N,.~ c %  o~N coo. o~N o~C.o. % 
XlV XV XVI 

This reaction proceeds similarly in the case of carboxyethyl de=ivative XVlI, but six- 
membered anhydride XVIII proved to be less stable and underwent rearrangement to a sydnone 
in water at room temperature [26]. 

. -c - (c .2)2~, . . .c . ,_  . . _  

, z _ c _ ( c ~ _ ~ _ c . _ c . 2 c . p o .  A~p __ N" ~. j - ~ "  ~ ' '  ' V "  

XVII XVlII 

N~_c- (CH2~ ~ tC~ - -  CH2COOH 
N ~ C  
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I t  has been found complete ly  unexpectedly [27] t h a t ,  in  c o n t r a s t  to  N - n i t r o s o - N - ( 3 - p y -  
r i d y l ) s l y c i n e  (XX), which forms sydnone XXI wi th  a c e t i c  anhydride,  a l though a t  high tem- 
p e r a t u r e s ,  i t s  a n a l o g - - N - n i t r o s o - H - ( 4 - p y r i d y l ) g l y c t n e - - d o e a  not undergo c y c l i z a t t o n  under 
these  cond i t i ons .  

XJB 

Attempts to bring about the cyclization of an N-nitrosoglycine with a trlnltroethyl 
substltuent to a sydnone were also unsuccessful [28]. Removal of the nltrogroups in the Y 
position relative to the nitroso-m~uo group leads to a normal reaction: 

% oo. 
~xn 

Baker and Ollis [29] have proposed that the first step in the reaction of acetic anhy- 
dride with N-phenylglycine is the formation of mixed anhydride XXIII, which is converted to 
cyclic product XXIV; the subsequent detachment of a proton leads to mesolonic heterocycle la: 

x ~ ~ - - c ~ c o o c o c ~  P~'~--r 
. . . .  tJ ~ . ' '  -,a N~"O -o-'~ 

On the basis of recent kinetic studies [30] it has been shown that this reaction is 
second-order overall in the reagents and that electron-acceptor substltuents in the phenyl 
ring significantly lower the rate of cyclization, while such substituents attached to the a- 
carbon atom increase it. When acid chlorides are used, the process also depends on the 
polarity of the solvent. The scheme for the process proposed by the authors does not differ 
fundamentally from the scheme previously presented in [29]. 

1,2,3,4-Oxatriazol-5-ones XXV (a-b-c = N-N-N), These compounds are formed by the action 
of phosgene in chloroform at room temperature of N-nltroso-N-substltutod hydrazinea [i] or by 
the action of nltrosyl chloride on N-nltrososemicarbazides [32]: 

S,,  - R~ R,. R,, 
N - - N H .  COCI. ~ N - - N H C O C l  N--N NOC! N - - N H C O N H .  

�9 : ,  - 

�9 O "~O "O'~'~ ~O 
xXV 

1,2,4-Oxadlazol-5-one XXVII (a--b-c - N-C--N~. This compound was obtained by cycllzation 
of 2-[N-(ethoxycarbonyl)amino]pyrldine N-oxide (XXVI) under the influence of acetic acid [33]: 

. NHCOOC~5 CH$COOH 

XXVI XA~/II 

B. Reaction Center X = NR 

An ~ n o  group may be found in place  of a carbonyl group as the  terminal  group in a 
linear molecule that undergoes cycllzation to a flve-membered mesoicnic r ing ,  

1,2-Diphenyl-3-methyllmldazol-5-one XXIX (a--b-c = C--N-~). This compound was isolated by 
prolonged refluxlng of anll XXVIII with acetic anhydride and triethylamine in xylene [34]: 

I ~  1 "~'N - -Ph I 
Ptl 

XXVtH XXIX 

The c y c l i z a t i o n  of  N-(2-benzyl iminodihydropyr id ine)-  and N-(2-benzyl iminodihydroquino-  
line)acetic acids proceeds similarly [35]. 
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A carboxy group at the other end of the chain in the starting linear molecule can be 
replaced by a nltrlle or oxlme group. Heterocycles with an exocycllc imino group are formed 
in these cases. Thus condensed imldazolelmlneXXX Is formed in good yield when N-benzyl-sub- 
stituted 2-pyrldylamlnoacetonltrlles or 2-pyrldylamlnoacetaldoxlme are heated with acetic an- 
hydride in pyrldlne to 70~ [36]: 

O,CHz'.. N -  CH OhCH z -- N --CNzC ----- NON PhCHz--N--CH~---NAr I + I Ac~O 

N .C~_COCH 3 

XXX 

s XXXII was obtained from N-methyl(N-phenylbenzlmidoyl)aminoacetonitrlle (XXXI) 
by treatment wlth benzoyl chloride in dry benzene [37]: 

/CH2C ~ N CH$... 
PhCOCl N--CH CH,--,~_=._p. . =_ ,+ 

-- ~'N--COCH! 
I 
Ph 

XXX! XXXI| 

1,3,4-Triazol-5-ones (a--b-e = C,-N-~). These compounds are formed in the same way as 
isosydnones by the action of phosgene on acylhydrazlnes. Thus N-methyl-N-(2-pyrldyl)hydra- 
zlne undergoes cycllzatlon to triazole XXXIII under mild conditions [38]: 

CH 3 - -  N - -  NH z C H 3 - - N - -  N H C O O  C H3"N - - N  

r �9 �9 
U 
xxxm 

,l,2,3-Trlazol-5-ones XXXV (a--b-c = N-N-C). These compounds were obtained by cycllza- 
tlon of trlazeneacetlc esters under the Influence of thlonyl chloride in the presence of pyrl- 
dlne in the cold [39]: 

CH3~ _. 
CH3%N__CH~COOC2Hs SOCI 2 N--%,M 

~NR N ' ~ C ~ o  
I 
R 

XXXV 

Exocyclic nitrogen analog XXXVII is formed by heating the corresponding nltrole XXXVl 
wlth acetyl chloride [40]. 

CH3~__CH2CN CH3~ N--CH 
. I §  

I 
P. 

XXXVI XXXVII 

1 . 2 .  P r o t o c T c l l z a t i o n .  Ano the r  type  o f  r e a c t i o n  f o r  the  f o r m a t i o n  o f  f lve-membered 
mesolonlc heterocycles is cyclizatlon under the influence of acids, which catalyze thls 
process. The resulting heterocycles contain an exocyclic imino group. As in the case of 
condensation cycllzatlonj one of the term/hal reaction centers (X) may be an oxygen or nitro- 
gen atom, while the other (Y) may be a carboxy function (most often a nltrlle function): 

b_c N+ b_c 

d. x .... a'.x;C=._ 

A. Reactlon Center X = 0 

Condensed Ip3-Oxazole-5-1mine XXXIX ( ~  = C--N--C).~. Thls compound was obtained [41] 
by treatment of nltrile XXXVlII wlth hydrogen bromide in acetic acld at 20~ 
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CH3CO0 H "- 

= "  _ 

XXXVM XXX~X 

Monocycllc oxazoles  XL can be formed by the  a c t i o n  o f  t r l f l u o r o a c e t l c  ac id  i n  a c e t i c  
anhydr ide  on N - s u b s t l t u t e d  N - b e n z o y l h y d r a z i n o a c e t o n i t r o l e s  XLI [42] .  C y c l l z a t i o n  does not  
occur  i f  the  a c y l  group c o n t a i n s  a s t r e n g  e l e c t r o n - a c c e p t o r  s u b s t l t u e n t .  

(c%)=.~__cN~, CC%)2.,,,.__C_R. 
A~,o " ~ . . c . y : ~ , _ c o _ c , ,  

XU Xt. 

1,2,3-Oxadiazole-5-imines (Sydnoneimines) (a--b-c = N--N-C). These nitrogen exocycllc 
analogs of sydnones were obtained by cyclizatlon of N-nitrosoamlnoacetonltriles with hydro- 
gen chloride in alcohol, methylene chloride, ether, dloxane, and dichloroethane at 0-5~ 
[43, 44].  

~'N--CSR' .+ "~,--C ~' 

""o 
II a 

The formation of a sydnoneimine ring also occurs in dilute mineral acids [45, 46]. The 
possibility of autocyclization catalyzed by carboxy group protons was demonstrated in the 
case of N-nltro-N-carboxymethylaminoacetonitrile [47], whereas cyclizatlon takes place in 
water in the absence of acids in the case of N-adamantyl-N-nitrosoamlnoacetonitrile [48]. 

A large number of salts of sydnoneimines with various substituents in the 3 and 4 po- 
sitions have been synthesized by protocyclization of N-nitrosoaminoacetonltriles [49, 50]. 
As a rule, the character of the substituents in the starting molecule has no effect on the 
conditions under which the cyclization is carried out; however, side reactions have been 
observed in a number of cases in the cycllzation of nitroso nitriles in acidic media. One 
such side reaction is elimination ~f a nltroso group. This reaction proved to be the domi- 
nant process in the case of N-tert-butyl [51] and methyl [52] substituents. Migration of 
a nitroso group with the formation of C-nitroso derivatives is also possible in acidic media 
[53]. The presence of strong electronegatlve substltuents such as three nitro groups in the 
a position of the hydrocarbon chain attached to the amine nitrogen atom hinders the f?rmation 
of a sydnoneimine ring [28]. N-Nitrosoaminoacetonitriles that contain an arylacetyl [54] or 
sulfonyl [55,56] group do not undergo cyclization. 

A scheme for the cyclization of N-nitrosoaminoacetonitriles was proposed in [43]; ac- 
cording to this scheme, the first step in the process is protonation of the nitrile group, 
and this is followed by cycllzation and detachment of a proton from the heteroring to give a 
mesoioinic ring. 

A detailed spectrophotometrlc study of the kinetics of the acidic cycllzation of N-ni- 
trosoaminoacetonitriles [48] showed that this reaction is first-order in the nltroso nltrile 
and second-order in protons. A correlation analysis of the dependence of the reaction rate 
constants on the character of the substituents made it possible to evaluate the quantitative 
contribution of the electronic and steric effects. A possible mechanism for the formation 
of a sydnonelmlne ring was proposed on the basis of the experimental data obtained and is 
r e p r e s e n t e d  by the  scheme 

k"~l~ - , - "~  HR I 4" H + R ~ ' N - -  CHR I R '~ i  _ _ C H R  = 

",~-c,,N. a 
l la  
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Protonation of the nitrile group is also proposed as the first step; this is followed 
by cycllzation to an imino ester diazotate, which may form a sydnoneimine cation via two 
pathways -- through a dication or through the sydnoneimine base (IIb). The existence of the 
free sydnoneimine base in several transformations of salts of sydnoneimines has been demon- 
strated by spectral methods [57]. 

The previously unknown possibility of the formation of a sydnoneimine ring by cycliza- 
tion of N-nitrosoaminoacetonitriles in the presence of bases with isocyanates or acylating 
agents (such as carboxylic acid anhydrides or chlorides) was recently observed [58]. It was 
shown that the cycllzation of N-nitrosoaminoacetonitriles with triethylamine and phenyl iso- 
cyanate in benzene is first-order relative to triethylamine and phenyl isocyanate. A quan- 
titative dependence of the rate constants on the character of the substituents attached to 
the amine nitrogen atom in N-nitrosoaminoacetonitriles was established. A mechanism was pro- 
posed on the basis of a study of the kinetics of this process [57]; cyclization of N-nitroso- 
amlnoacetonitrile to sydnoneimine lib 
plex XLII: 

is evidently realized through intermediate com- 

H 
R,,, I R~,. 

. - - c - .  , . . .co ' tVc," R\I~--CH2C-=N N(C:rHb):3 " ~I \ " _ ~ l l b  

N'~ O ~'O C~"+N N "-O"*C~N __CONHPI, t 
N{C~s) 3 

XLI| 

The interconversion of two ring-chain tautomeric forms of the triad-prototropic type, 
which can be catalyzed by both acids and bases, lies at the basis of the proposed mechanisms 
for the cyclization of N-nitrosoaminoacetonitriles both by the action of hydrogen chloride 
and in the presence of bases [59]. 

R.. "N c "w' N - c H R t C ~ N  w - -  

I . I + I 

1 , 2 , 3 , 4 - O x a t r i a z o l e - 5 - i m i n e s  ( ~  = N--N-~). These compounds are formed i n  the same 
way as sydnonelmines. Thus an oxatriazole hydrochloride (XLIV) was isolated in high yield by 
treatment of N-nitroso-N-phenylhydr~zinonitrile (XLIII) with hydrogen chloride in methanol 
at 5~ [60]: 

. c ,  . 

N.,>.O C~ N INI..~I~Cl 
XLlll XLIV 

The formation of an oxatriazole from amidine XLV requires heating with hydrochloric 
acid to 50~ and amide derivative XLVI undergoes a cyclization under the same conditions [61]; 
however, e~onia is split out, and exocyclic derivative XLVll is formed: 

Ph.. PII,, 
N ~ N  

" -o- . , c , -  
2 

XLV 

PhCH2\N-- NHCONH2 I"ICl PhCH2N--N 
N.- o "O" ~O 

XkVl X t V l l  

Both reactions have condensation cyclization character but proceed under the influence 
of acids. 

B. Reaction Center X = NR 

Just as in the first type of reaction, linear molecules in which an ~m~no group or its 
derivatives (X = NR) may be found in place of a carbonyl group or its derivatives (X = 0) 
at the ends of the chain participate in the protocyclization. 

2,3-Dipheny!-l,3-oxazole-4-~m~ne L ( ~  = C--O-~). This compound was obtained by treat- 
ment of imlno ester XLIX with hydrogen chloride in dry benzene [62] : 
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XI,,IX t. 

11p21Dipheny1-3-methy1-1t3-imidazole-5-imine LI (a-b-c l Cr-N-C). This compound is readi- 
ly formed by cyclization of amidines under the influence of hydrogen chloride in dry ether 
at 0-SeC [63] : 

c.3~ 

Ph 
U 

ll-Phenyl-3-methyl-l,2~3-tri4zole-5-imine LII (a-b-c = N-N-C). This compound was iso- 
lated by cyclization of triazenoacetonitriles under the same conditions [64]: 

C % 

p I + /  

N~N --Ph I 
Ph 
t.II 

The examples presented above constitute evidence that protocycllzation reactions that 
lead to the formation of five-membered mesoionic heterocycles from linear molecules take 
place under conditions similar to those in the formation of sydnoneimines, for which this 
reaction has been studied in detail. It may be assumed that the basic principles and mecha- 
nism of the formation of a sydnoneimine ring are also common to other protocyclization reac- 
tions that lead to exocyclic imlne mesoionic heterocycles. 

2. Other Types of Cyclization 

In addition to the two principal types of formation of mesolonic five-membered hetero- 
cycles, other types that do not fi~ completely into the proposed systemization are known. 
One of them is cyclization of linear molecules in which the future exocyclic group is already 
present. 

Thus 1,2,4-triazol-5-one LIV was synthesized by the action of sodium ethoxide in alcohol 
on substituted acetylsemicarbazone L I I I  [65]: 

c%~o N.P. 

Ull 

Cl~j~ C _ _ N  .,F~ 

I,t 

LIV 

Semicarbazide derivative L$ undergoes cyclization to mesoionic triazolone LVI under the 
influence of acetyl chloride by heating to 80~ in the presence of potassium carbonate [66]: 

C H 3'~'N--~ N 
PhCS~--NHCONHPh CH,COC! _-- ~ IC.~ I . 

I 
Ph 

kV LVI 

Tet razo lone L V l I , ~ s  i s o l a t e d  i n  the o x i d a t i o n  o f  L V I I I  ~-~th lead t e t r a a c e t a t e  [ 67 ] :  

R \  
/N~__C(NO2) 2 Pb(CH$COO) 4 N ~ N I  + 1  

- N.~sC~ o R N \ N ~ N _ _ p  n 
I 
F~ 

/VIII /VII 

C y c l i z a t i o n  w i t h  the fo rmat ion  o f  mesolontc f ive-membered he te rocyc les  can a lso  occur 
under t he rmo lys i s  c o n d i t i o n s  and du r ing  i r r a d i a t i o n .  For example, d u r i n g  heat t rea tment  
th iosemicarbaz ide  L V I I I  undergoes cyc lodehyd ra t i on  to g ive  1 , 3 , 4 - t r i a z o l e - 2 - t h i o n e  LIX [68] : 
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n-c=.--. 
I = I + 1  

CH$--N ~ NHC SNH 2 phlC~.NpC~ e 

I 
R 

t r i l l  t l X  

1,3,4-Triazole-5-one LXII was isolated in very low yield in the case of prolonged UV 
irradiation of a pyridine derivative (LX) [69]: 

I•N__ C2H5 hV ,~ ~ N / C 2 H  s 
"" N < ~'~C,,,~O 

NHCOCH 3 
LX tXl l  

3. Formation of Mesolonic Compound@ from Heterocycles with Normal Structures 

As we have already pointed out, in addition to formation by cyclization reactions, meso- 
ionic five-membered heterocycles may also be formed via conversion of ordinary heterocycles. 

The conversion of methoxytriazole LXIII by mesoionic 1,2,3-triazol-5-one LXIV by the ac- 
tion of methyl iodide in refluxing chloroform may serve as an example of this [70]: 

N N .C "OC H] D. N . ~  .C ~O 
I ! 
CH 3 CH 3 

LXlII LXlV 

The conversion of a normal heterocycle to a mesoionic heterocycle also occurs in the 
case of intramolecular transalkylation. Thus when pyridotriazole LXV is heated, the benzyl 
grouping migrates from the exocyclic oxygen atom to the nitrogen atom to give mesoionic sys- 
tem LPJI [71]: 

I.XV LXVI 

The convers ion  of  one mesoionic  system to another  by replacement o f  an e x o c y c l i c  group 
has been descr ibed [72] : the cor responding sydnone L X V I I I  i s  formed when N-n i t rososydnone-  
imine LXVII is heated in DMSO orbutyl alcohol: 

R'~ N _ _ C / R I  R ~ - N _ _ c / R ~  
I + t I + I 
N.~)~C~.N__ NO N-g'~ O 

LXVll LXVIII 

The examples of the formation of five-membered mesoionic heterocycles presented above 
constitute evidence for the absence of specificity in reactions that are characteristic 
only for mesoionic systems. 
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M.ASS-SPECTRAL BEHAVIOR OF SUBSTITUTED 2-ALKYLAMINOBENZOXAZOLES 

AND 3-METHYL-2-ALKYL!MINOB ENZOXAZOLINES 

P. B. Terent'ev, V. A. Shmorgunov, 
K. Davldkov, D. Simov, 
and A. N. Kost* 

UDC 543.51:547.787 

Schemes that reflect the peculiarities of each of the investigated groups of com- 
pounds and make it possible to distinguish the amino and imino forms are given on 
the basis of a study of the dissociative ionization processes of 18 2-alkyl(dialkyl)- 
aminobenzoxazoles and six 3-methyl-2-alkyliminobenzoxazolines. A qualitative rela- 
tionship between the electronic properties of the substituents in the aromatic ring 
and the formation of the imino forms of the molecular ions in the gas phase was 
found. 

The problem of the possibility of the use of mass spectrometry as a method for the de- 
termination of the existence of tautomerlc equilibria in various organic compounds has been 
discussed repeatedly [1-3]. Relatively recently Ogura and co-workers [4] described the mass 
spectra of a series of N-alkylamlnobenzothiazoles. In a comparison of some peculiarities of 
the mass-spectral behavior of 2-methylaminobenzoxazole and 3-methyl-2-iminobenzoxazoline (as 
well as their thiazole analogs) they erroneously concluded that the mass spectra of these 
compounds are virtually identical, whereas a more thorough analysis of the mass spectrat pre- 
sented in [4] makes it possible to note that higher stability of the molecular ions, a higher 
probability of the loss of a hydrogen atom or a CHsN fragment by the molecular ion, and a 
lower probability of elimination of HzCN or CHsN--CN fragments are characteristic for the 2- 
methylamlno derivatives as compared with the isomeric 2-imino compounds. 

In order to find distinctive features that are characteristic for the mass spectra of 
2-alkylaminobenzoxazoles (I) and 2-alkyliminobenzoxazolines (II) we studied the dissociative 
ionization of a large series of la-r and lla-f compounds that contain electron-donor or elec- 
tron-acceptor substituents in the benzene ring. 

The synthesis of these compounds [5] and their IR spectra [6] have been previously de- 
scribed. A comparison of the mass spectra of la,l,n,q that we obtained with the spectra pre- 
sented in [4] showed good agreement for the peaks with intensities greater than 90%, and this 

*Deceased. 
tThe mass numbers of the ions in the mass spectra of these and many other compounds published 
in [4] are frequently presented, but the intensities of their ~eaks are not indicated. In 
addition, the presence in them of [M--12] +, [M-13] +, and [M--24] m ion peaks and ~he increased 
(as compared with the theoretically possible values) intensities of the [M+ 1] ion peaks 
make it possible to assert that some of the investigated compounds were not sufficiently pure 
for mass-spectral analysis. 
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