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In solvents of different polari t ies ,  the l a c t a m - l a c t i m  tautomeric  equilibrium of isoxazoli-  
din-3-one is s t rongly displaced in the direct ion of the lactam. The lactim form cannot be 
detected. It has been concluded that there  is no connection between the dual chemical  be- 
havior of isoxazol idin-3-one and its potass ium salt  in the alkylation react ion with the 
equilibrium isomeriza t ion of these compounds. It has been shown that the mechanism of 
alkylation is connected with the s t ruc tu re  of the lactam anion. Evidence is given in favor 
of a mesomer i c  s t ruc ture  of the anion with the main charge  on the nitrogen at which sub- 
stitution chiefly takes place. 

In organic chemis t ry  in recent  years  there  has been an intensive study of problems connected with 
t au tomer i sm,  including that of he terocycles  with a nitrogen-containing grouping inthe tautomer ic  sys tem.  

The object of our  investigation is isoxazol idin-3-one (I), potentially tautomeric  because of the pres-  
ence of an amide group in the molecule.  The present  paper is devoted to a discussion of the routes  and 
mechanism of the alkylation of (I) and its potassium salt  (II), the resul ts  of which we have repor ted  pre-  
viously [1]. As has been shown, the reac t ion  leads to the format ion of a mixture of derivat ives of both 
tautomeric  (lactam and lactim) forms of (I) with a predominance of the N-alkylated i somer :  

1 ~R K + 

I I l l -VII  a I l l -VII  b I1 

I I I  R=CH3: IV R=C211s; V R=C3HT; Yl R=I-C3HT; VII R=CHz--CH--CH~. X=CI, Br 
\ 0  / - '  

An analysis  of the possible routes for this react ion led us to the necess i ty  for investigating the con- 
nection of the observed dual reac t iv i ty  with the t au tomer i sm of the initial compounds, since t au tomer i sm 
is one of the main causes of dual react ion.  Information on the state of the tau tomer ic  equilibrium of (I) 
and (II) in solutions, which was lacking in the l i terature ,  could not be obtained by means of the e lect ronic  
spectra ,  since these are  poorly charac te r i s t i c  for  the he terocycl ic  sys tem under investigation because of 
the absence of a conjugated sys tem of bonds. The UV spec t ra  of the ketonic, enolic, and anionic fo rms  of 
(I) in solvents of different polar i t ies  have absorption maxima close to 220 nm with some differences in 
intensity [for (I-VII), e 3300-3800*]. 

We obtained additional information on the tautomeric  equilibrium of (I) in solutions with the aid of 
IR spectroscopy* (see Fig. 1). As was to be expected, in water  (spectrum taken in D20) (I) exists in the 

* The UV spec t ra  were  taken on an SF-4A ins t rument  in water ,  ethanol, and n-hexane (c 10-3-10 TM M); and 
the IR spec t ra  on a UR-20 instrument  (c 10 - i  M). 
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Fig. i .  IR spectrum: (1) in chloroform (1), 
dioxane (2), and ]320 (5); (VII) as a liquid 
film (3) and in dioxane (4); (ID in D20 (6). 

l ae tam form,  as is shown by a s t rong carbonyl  band at  1665 cm- t ;  no absorp t ion  is obse rved  in the region 
of the s t re tching v ibra t ions  of the azomethine  bond. 

Since with a dec r ea s e  in the po la r i ty  of the solvent  the equi l ibr ium is shifted in the d i rec t ion  of enol-  
ization, we took the IR s p e c t r u m  of (I) in dioxane, but this  did not show the p r e sence  of the lact im f o r m  of 
(D in the solution. This was indicated by the absence  of the absorp t ion  of a C = N  bond and also by an 
analys is  of the region of the s p e c t r u m  above 3000 cm- l :  s ince in dioxane we have the s p e c t r u m  of the f r ee  
lac tam,  as will  be shown below, this r ead i ly  pe rmi t s  a s econda ry  amino group to be dist inguished f r o m  a 
hydroxy group.  In this spec t rum,  a band with its m a x i m u m  at 3230 cm - t  is due to the ~N-H s t re tching 
v ibra t ions ,  while absorp t ion  in the 3600-cm -1 reg ion  c h a r a c t e r i s t i c  for  a f r ee  hydroxy group is absent .  In 
the 3430-cm -1 reg ion  an over tone  of the carbonyl  group appea r s  in the f o r m  of the broad band of medium 
intensi ty [2, 3]. 

The r e su l t s  obtained show a pronounced shif t  of the t au tomer ic  equi l ibr ium of (I) in solvents  of dif- 
f e r en t  polar i t ies  in the d i rec t ion  of the l ac t am form.  The r e su l t s  of the methyla t ion of (I) with d iazometh-  
ane do not c o r r e l a t e  with this conclusion and the re fo re  the dual r eac t iv i ty  obse rved  in the reac t ions  of (D 
is not connected with t a u t o m e r i s m :  both i s o m e r s  (IIIa and IIIb) a r e  produced f r o m  the l ac tam f o r m  of (I). 
We m a y  note, in pass ing,  that methyla t ion with d iazomethane involves the d issocia t ion  of the initial com-  
pound with the fo rmat ion  of a proton and an anion [4, 5]. 

Incidentally,  in working with the II~ s p e c t r a  we were  able to es tab l i sh  the r ea son  for  the spli t  nature  
of the carbonyl  band in (I) and its alkyl  de r iva t ives ,  which was mentioned in the preceding paper  [1]. It 
was r epo r t ed  the re  that  the spli t t ing of the carbonyl  m a x i m u m  is re ta ined  when the s p e c t r u m  is r e c o r d e d  
in Nujol, in a KBr  tablet ,  and in ch lo ro fo rm.  However,  in the 1R spec t r a  of dioxane solutions of the com-  
pounds (see Fig. 1) the carbonyl  band has only one max imum.  The cause  of the obse rved  splitting is the 
cons iderab le  tendency of the compounds cons idered  to the fo rmat ion  of in t e rmolecu la r  hydrogen bonds. 
The spli t t ing of the m a x i m u m  in the s p e c t r u m  is due to the p r e s e n c e  of both f r ee  and assoc ia ted  f o r m s .  
As can be seen  f r o m  the IR spec t r a ,  i n t e rmoleeu la r  assoc ia t ion  is r e ta ined  par t i a l ly  even in the feebly 
polar  ch loroform.  In p rac t i ce ,  the band of a carbonyl  group not par t ic ipat ing in the fo rmat ion  of a hydro-  
gen bond is obse rved  only in dioxane. 

Compound (II), which we also  used in the alkylat ion reac t ion ,  has the lac t im s t ruc tu re  according  to 
Vinokurov et  al .  [6], as  is conf i rmed  by the absence  of a carbonyl  band in its I a  spec t rum.  However,  the 
a s s ignmen t  made by these  authors  [6] of the band at  1560 cm -1 in the s p e c t r u m  of (H) to the s t re tching 
v ibra t ions  of the C = N  bond appea r s  to us to be doubtful, s ince  in the IR s p e c t r u m  of the products  of the 
a lkylat ion of (D (III-VII), containing, accord ing  to PMI~, f r o m  4 to 37~ of the O-subst i tu ted  i somer ,  t he re  
is only an absorp t ion  band c lose  to 1630 cm - t ,  which we ass ign  to the azomethine  bond C = N  of the lac t im 
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fo rm of (I) [1]. It follows f rom what has been said that the lactim s t ruc ture  of (H) in the solid state cannot 
be considered as having been s t r ic t ly  demonstrated.  

Leaving for the moment  the question of the t rue s t ruc ture  of (II), it can be said concerning its state 
of tautomeric  equilibrium that under the conditions of the alkylation react ion (ethanol) the undissociated 
fo rm of the compound exists in insignificant amount, as is shown by a determination of the degree of dis-  
sociation of (II) in absolute ethanol which we per formed special ly (for a 0.001 N solution, ~ = 0.96). Fu r -  
the rmore ,  t au tomer i sm of (l-I) due to different positions of the metal  atom in the molecule is fundamentally 
impossible because of the ionic nature of the compound. 

Thus, as in the case of compound (I), the dual chemical  behavior (II) is due not to t au tomer i sm but to 
other  fac tors .  We link the resul ts  of the alkylation of (I) and (II) p r imar i ly  with the s t ruc ture  of the lactam 
anion, the format ion of this being a p re l iminary  stage of the react ion in both cases .  In spite of the re la t ive-  
ly acidic nature of (I) (pKa 6.80), its IR spec t rum in D20 gives no information on the s t ruc ture  of the lactam 
anion because of the insufficient concentrat ion of the latter in the solution (~10 -4 g - ion / l i t e r ) .  At the same 
time, because of the sal t - l ike nature of the compound, the spec t rum of (H) in D20 is p rec ise ly  the spec t rum of the 
anion of interest  to us. As can be seen f rom Fig. 1, both the carbonyl  band and the absorpt ion of the azo-  
methine bond in the 1630-em- l r eg ion  a re  absent f rom the anion under investigation, but there  is a band at 
1560 cm -1 the presence  of which in the spec t rum of solid (II) has been mentioned above. The considerable 
s imi la r i ty  of the IR spec t ra  of the solid substance and of a solution of (II) leads to the idea of a s t ruc ture  
of the anion of the compound which is s imi la r  for  both states.  Judging f rom the absence of absorption at 
1630 cm -1, the anion under considerat ion does not have a s t r ic t ly  fixed C=N double bond, and its charge  is 
distr ibuted between the nitrogen and oxygen atoms of the amide group. This becomes the more  under-  
standable if account is taken of the mesomer i c  effect of the oxygen heteroatom, as a consequence of which 
there  is a decrease  in the difference in nucleophilicity existing between the N and O atoms and, in the 
final account, a more  uniform distribution of the electron density between them. A confirmation of this is 
p rec i se ly  the band at 1560 cm -1 that is present  in both spec t ra  and which we have assigned to the a sym-  
met r ic  s t retching vibrations of .C===O and in the --N=-=C ==O, grouping by analogy with O=:C==O. in the 
carboxylates  [2, 3]. There  is nothing unusual in the fact  that the negative charge of the anion is not fixed 
on the oxygen but is distributed between the nitrogen and the oxygen and is even, perhaps,  la rgely  con- 
centra ted on the nitrogen, since just  such a s t ruc tu re  has been shown for  a number  of anions of cyclic 
amides [7]. This feature is cha rac te r i s t i c  for  the anions of amides in which the lactam form makes the 
main contribution to the basic s t ruc ture  of the amide. 

According to Gompper [4, 5], an analysis  of the IR spec t rum of the f ree  lactam is ex t remely  useful 
for  determining the distribution of the electron density in a lactam anion: the high carbonyl  f requency in 
the spec t rum of (I) in dioxane (VC= O = 1725 cm -1) shows precise ly ,  in the final account, a high electron 
density on the nitrogen atom of the anion and, consequently, a tendency of compounds dissociating with the 
format ion of such an anion to undergo N-substi tution react ions ,  as is actually the case for (I) and (ID. 
Since in the alkylation of compounds (I) and (II) an anion takes part  in which the main nucleophiHc center  
is a nitrogen atom, it is this atom at which substitution mainly takes place. The formation of g rea t e r  or  
sma l l e r  amounts of the O-substi tuted i somer  in the alkylation of (I) or  (II) takes place because of the p re s -  
ence in the ion of an additional nucleophilic center  on the oxygen. The difference in the amounts of O-sub- 
stituted derivat ives  formed is due to differences in the s t ruc tures  of the hydrocarbon radical  of the alkyl 
halides, namely:  with an increase  in the length and with the branching of the carbon chain of the lat ter  the 
amount of O-alkylated i somer  increases .  
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