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The p a r a m e t e r s  of the a c i d - b a s e  and tau tomer ic  equi l ibr ia  of the E (syn) i s o m e r s  of 1- 
me thy l - subs t i tu t ed  benz imidazo le -2 -ca rba ldehyde  oxime,  imidazo le -2 -ca rba ldehyde  oxime,  
A X- imidazol ine-2-carba ldehyde  oxime,  and A2-pyrazo l ine -3 -ca rba ldehyde  oxime in aque-  
ous solut ions at 25~ have been de te rmined  by a po ten t iomet r ic  method using model  c o m -  
pounds.  The t an tomer i c  ra t io  (zwi t te r ion) / (uncharged  form) r i s e s  in pa ra l l e l  with an in-  
c r e a s e  in the bas i c i t y  of the pa ren t  he t e rocye l e .  Unlike known he te rocyc l ic  a ldoximes ,  1-  
me thy l -A2- imidazo l ine -2 -ca rboxa ldehyde  oxime ex is t s  in the zwit ter ionic  f o r m .  

The comple te  scheme  for  the p ro to t rop ic  equi l ibr ium of n i t rogen-conta in ing he te rocyc l ic  a ldoximes  
in aqueous solution includes four ionic f o r m s  (microforms)  of the substance:  the cation (HAH+), the anion 
(A-), the uncharged  f o r m  (AH~ and the zwit ter ion (HA• The la t te r  two f o r m s  are  t au tomer i c .  For  
example ,  for  1 -me thy l imidazo l e -2 -ca rba idehyde  oxime:  

~ : ~ ' - C l t ~  NO H 

CH~ AH ~ 
H 

I 1-1 I 

CH3 HAH+ ~----~ ~CH~NO- ~ CH3 A- 
I 
CH3 HA + 

The s y s t e m  is desc r ibed  quant i ta t ively by two mac rocons t an t s  (Ki, K2) , four mic rocons t an t s  (kl, k2, 
k12 ~ k21),T and the constant  of the t au tomer ic  equi l ibr ium (KT). The following re la t ion  ex i s t s  between them.  

Kl = ~1 + K2; 1{2-1 = KI 2-1 + K21 - -  1. 7 Kt K2 = ~1K12 = K21~21; K ~  = [HA• ~ = K2/nl = ~12/~21. 

It  is suff icient  to de te rmine  three  p a r a m e t e r s  - for  example ,  two mac rocons t an t s  and one mic rocons t an t  or  
KT, or  three  mic rocons t an t s ,  and so on - in o rde r  to desc r ibe  the sy s t em comple te ly  [2-4]. 

Cons iderable  i n t e r e s t  is p r e s e n t e d  by a ldoximes containing onium cen te r s  and exist ing,  even if only 
partially~ in the f o r m  of zwit ter ions  in neu t ra l  aqueous solut ions [4-6]. This p rope r ty  is p o s s e s s e d  by 
m a n y  q u a t e r n a r y  ammonium der iva t ives  of h e t e r o a r o m a t i c  a ldoximes,  in pa r t i cu l a r  by  de r iva t ives  of 
p y r i d i n e - 2 -  and -4 -ca rba ldehyde  ox imes .  Under these condit ions,  the nonquaternized pyr id inecarba ldehyde  
oximes  ex i s t  a lm os t  so le ly  in the uncharged fo rm,  which is due to the low values of K T (10-4-10 -5) [7]. The 

* Fo r  Communica t ion  HI, see [1]. 
The s y s t e m  of n u m e r i c a l  indices to denote the mic rocons t an t s  is s i m i l a r  to that  adoptedby E dsal l  e t  al .  [2]. 
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TABLE I .  P a r a m e t e r s  of the P ro to t rop ic  Equi l ib r ium of H e t e r o -  
cycl ic  Aldoximes in Aqueous Solution a 

Macro- Microconstants c ~ in Proportion 
[const. ~ _ . . - lg KTlconstar~d.. ---!pH, elOf HA~, % 

ox mo: . 0b ( " 

I 5,57 '4 3,71!11,17 3,71 7,68 7,20 11,17 -4,0 1,86 --1,631 3,49 7,44 0,01 
II 7,3314 ]5,92 10,9615,92 8,231 8,65110,961 -2,3 ]1,41! - 1 3 2  273 844 0,5 

IlI 11,0'5 17,32,12,101962!732,12,101 9,801 2,3 1137 -1',1 !2,48 9,71] 991 54 
IV 3,9016 ',2,33, 9,80 233i7,91 4,22 9,80 -5,6 -0,32 1,89 606 0,0002 
V 5,23 v~ 3,63 10,14 3,63 800 577]10,14 -4,4 1,60 -0,54 2,1416,89 0,004 

VI 5,23 v~ 14,10 10,36 4,10:922 524 10,36 --5,1 1,11 --0,03] 1,14 17,231 0,0008 
VII 5,231. 4 14,77:9,99'14,77i8,571 6,19] 999]--3,8 0,42 -1,00',1,4217,381 0,015 

a A t  25 • 0.1~ for  (V-VII) the f igures  Obtained at 20~ [7] a re  given.  
bIonizat ion constant  of the pa ren t  [for (I-IV) the 1 - m e t h y l - s u b -  
stituted] he t e rocyc l e .  For  1-methyl -A2- imidazol ine  the ca lcula ted  
value [15] is given,  c"Mixed"  cons tan ts ,  dsee  text .  e I soe l ec t r i c  

point: pH i = 0.5 (pK 1 + PK2). 

poss ib i l i ty  of obtaining a ldoximes giving comparab le  amounts of the t au tomer ic  f o r m s  has been demon-  
stTated on aliphatic amino-subs t i tu ted  c~-oxo a ldoximes [4-6]. Among he te rocyc l i c  a ldoximes ,  such c o m -  
pounds have h i ther to  been unknown. 

We a s sumed  that  a shif t  of the t au tomer ic  equi l ibr ium in the r equ i red  direct ion can be achieved by 
using he t e rocyc le s  m o r e  bas ic  than pyr id ine .  A compar i son  of the ionization constants  of pyr imidine ,  
pyr idine,  and the i r  carbaldehyde oximes  [7, 8] showed that  an inc rease  in the affinity of the ring ni t rogen 
for  a proton is not accompanied  by a ve ry  cons iderable  inc rease  in the proton affinity of the oxygen of the 
oxime group.  As subjec ts  of invest igat ion we se lec ted  1 -me thy lbenz imidazo le -2 -ca rba ldehyde  oxime [9], 
1 -me thy l imidazo le -2 -ca rba ldehyde  oxime,  1 -me thy l -A2- imidazo l ine -2 -ca rba ldehyde  oxime,  and 1 - m e t h y l -  
A2-pyrazo l ine -3 -ca rba ldehyde  oxime [10] (I-IV), which are  individual E (syn) i s o m e r s  [11, 12]. The oximes 
(l-IIl) contain an amidine s y s t e m  of bonds in the ring, leading to an inc rea se  in the bas i c i t y  of the parent  
r ings  as c o m p a r e d  with pyr id ine .  

To calculate  the p a r a m e t e r s  of the p ro to t rop ic  equi l ibr ium we used  the mac rocons t an t s  (K l and K2) , 
which were  de te rmined  by  poten t iomet r ic  t i t ra t ion [13], and also the mic rocons t an t s  k 2 (I, II, IV) and k 1 
(III). As the l a t t e r  we used  the ionization constants  of model  (fixed) compounds [2-4, 7]: the methiodides  
of the oximes  (I, II, and IV) and the O-methy l  e ther  of the oxime (III), r e spec t ive ly .  The r e su l t s  obtained, 
together  with those [7] on pyr id ine -2 - ,  - 3 - ,  and -4 -ca rba ldehyde  oximes  (V-VII), a re  given in Table 1. 

As was to be expected,  the values  of K T for  the oximes  (I-IV) r i se  in pa raUel  with the bas i c i t i e s  of 
the initial  r ings  (pK 0) . This p a r a l l e l i s m  is connected with the fact  that  the bas ic i ty  of the he t e rocyc le s  of 
the oximes  Cpk I and Pk20 i n c r e a s e s  in this sequence to approx imate ly  the same  extent  as PK0, while the 
values  of pk 2 and pkl2 , which c h a r a c t e r i z e  the acidi t ies  of the oxime groups ,  va ry  within f a i r ly  na r row 
l imi t s .  The t r a n s f e r  of a proton f r o m  the exocycl ic  oxygen atom to the r ing ni t rogen m a y  be favored by 
the resonance  s tabi l izat ion of the zwit ter ion (for example ,  in the hydroxypyridines)  [3]. The inc rease  in 
K T in the sequence (I) -* (II) ~ (HI), and also on pass ing  f rom (V) and (VII) to (II) and (Ill) is not, however ,  
accompanied  by  an i m p r o v e m e n t  in the conditions for  such s tabi l iza t ion.  The source  of growth of KT is 
the change in the nature  of the conjugation within the he te rocyc le .  The resonance  s tabi l izat ion of the un-  
protonated ring falls  sha rp ly  in the sequence (1) --- (II) -* (III) in connection with which the contr ibution of 
the amidine resonance  to the s tabi l izat ion of the protonated fo rm r i s e s .  

C I I ~ N O -  Ctl N : O  

H M I I 
CH a CH3 

H H 

C H - - N = O  

�9 ~CI I= .NO - :-CH--N ~ 0  ~ " - N - -  
Wl n I I 

CH 3 CH 3 
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Charac t e r i s t i c  for  the oximes  (TT) and (III) is an inc rease  in the acidi ty  of the oxime group with a r i s e  
in the bas i c i t y  of the r ing,  which a lso  makes  a definite contr ibution to the inc rease  in K T. Apparent ly ,  the 
main fac tor  de te rmin ing  the values  of pk~ and Pkt2 is the induction e f fec t  of the he t e rocye le .  (The low 
sens i t iv i ty  of the acidic p r o p e r t i e s  of the oxime group to a change in the ~ - e l ec t ron  densi ty  of the a romat i c  
r ing has  been  shown [17].) This  effect  is e x p r e s s e d  m o r e  s t rongly  in the nonaromat ic  r ing due to the loca l i -  
zation of the posi t ive charge  within the amidinium (amidine) s y s t e m  in the oxime (III) and its "diffusion" 
ove r  the whole r ing in the oxime (]I). 

The value of Apk'  = pK 0 - pk t c h a r a c t e r i z e s  the influence of the non- ionized hydroxyiminoethyl  group 
(CH-----NOH) on the bas ic i ty  of the he t e rocyc l e .  In all  c a se s ,  this group lowers  the bas ic i ty .  Judging f rom 
the r e su l t s  for  pyr id inecarba ldehyde  ox imes ,  the influence is due main ly  to the induction ef fec t  - p robab ly  
i ts  Icr component  [18]. This conclusion is in h a r m o n y  with the co r re la t ion  of the ionization constants  of the 
subst i tuted pyr id ines  and 1 -me thy l imidazo les  with the a m and a l  constants  [18, 19]. 

A cons iderable  f ield e f fec t  mus t  be c h a r a c t e r i s t i c  of the ionized group (CH----NO-), the influence of 
which is e x p r e s s e d  by  the magnitude Apk" = pK 0 - Pk21. This could explain the inc rease  in the ba s i c i t y  of 
the r ing (Apk" < 0). The low value of Apk" on the introduction of a subst i tuent  into the fi posit ion of the 
pyridine ring (where d i rec t  conjugation with the reac t ion  cen te r  is excluded) shows,  however ,  that  the e l e c -  
t ros t a t i c  ef fec t  m e r e l y  compensa t e s  the e l ec t ron -accep t ing  influence of the hydroxyiminomethyl  group.  The 
total  I e f fec t  of the C H I N O -  group thus di f fers  lit t le f r o m  the ef fec t  of a hydrogen a tom (i.e., f r om ze ro  
on the a sca le) .  The large ef fec t  in the case  of the oxime (IV) with conjugation conditions analogous to 
those of (VI), can be explained by the m o r e  favorable  delocal izat ion of the negat ive charge  on the ne ighbor -  
ing ni t rogen in (IV) than on the ca rbon  in (VI) because  of the difference in the e lec t ronega t iv i t i e s  of n i t r o -  
gen and ca rbon .  The inc rease  in the ba s i c i t y  of the pa ren ta l  r ing by 0.5-1.6 pK units [in the oximes  (I-III ,  
V, and VII)] is apparen t ly  connected with the ef fec t  of the d i rec t  conjugation of the subst i tuent  with the r e a c -  
tion cen te r  in the zwi t te r ions .  It  is c h a r a c t e r i s t i c  that  this e f fec t  d e c r e a s e s  somewhat  in the sequence 
(I) - -  (II) -+(II I ) ,  and i ts  value va r i e s  within the l imi t s  of a single o rde r  of magnitude for  (I-HI) and pyr id ine -  
2 -  and -4 -ca rba ldehyde  ox imes .  This conf i rms  the conclusion drawn above on the second-degree  influence 
of  d i r ec t  conjugation in the inc rease  in the value of KT on pass ing  f r o m  (V), (VII), and (I) to (H) and (III) .* 
In addition to this ,  the d i f fe rences  in the values of K T and Apk" within the group of pyr id inecarba ldehyde  
oximes  may  be connected with the predominance  of the resonance  s tabi l izat ion of the para-quinoid  s t r u c -  
tu res  as c o m p a r e d  with or tho-quinoid s t r u c t u r e s  [14]. 

-~: H=NO- , ~ ~:N CH~N~O 

~N ~':- 
~tla Cll~ 

The magnitude Apk m =Apk, - A p k "  = Pk lz -Pk  z =pk21 - pk 1 c h a r a c t e r i z e s  the influence of the ionization of 
the r ing or  of the oxime group on the a c i d - b a s e  p rope r t i e s  of the oxime group and the ring, r e spec t ive ly .  
By vir tue  of the the rmodynamic  ra t io  of the constants  (see above), the two ef fec ts  a re  of equal  s i ze .  F r o m  
the preceding  d iscuss ion  of the values  of Apk'  and Apk" and f r o m  the values of Apk'" for  the p y r i d i n e c a r -  
baldehyde oximes  it is obvious that  the changes due to the introduction of cha rges  a re  caused  both by  the 
induction e f fec t  and by  the resonance  s tabi l iza t ion of the zwi t te r ions .  

Returning to the question of the exis tence  of ox imes  in the fo rm of zwi t ter ions  in a neut ra l  region 
(pH ~ 7A), i t  m u s t  be noted that  the propor t ion  of the total  concentra t ion of the substance p r e sen t  in this 
f o r m  depends not only on the value of K T but a lso  on other  p a r a m e t e r s  of the a c i d - b a s e  equi l ibr ium.  The 

* The oximes  cons ide red  are  azavinylogs  of the cor responding  hydroxy-subs t i tu ted  he t e rocyc l e s .  The con-  
s ide rab ly  lower  values  of KT for  the pyr id inecarba ldehyde  oximes  as c o m p a r e d  with the hydroxypyr id ines  
(for 2- ,  3- ,  and 4 -hydroxypyr id ines  logK T = 2 . 9 , - 0 . 1 ,  and 3.3, r e s p e c t i v e l y  [3]) are  explained [7] by  the 
weak conjugation of the lone pa i r  of e l ec t rons  of the oxygen of the oxime groupwi th  the r ing.  The predominant  
local izat ion of the negat ive charge  in the zwi t ter ions  of p y r i d i n e - 2 -  and -4 -ca rba ldehyde  oximes  on the oxygen 
is con f i rmed  by l i t e r a tu re  informat ion  [20,21]. The weak p - ~  in terac t ion  is apparen t ly  connected with the 
low t r a n s m i s s i o n  capabi l i ty  of the C ~ Nbond [18] and also with the unfavorable  e l ec t ros t a t i c  in teract ions  of the 
lone pa i r s  of e l ec t rons  of the n i t rogen and oxygen a toms  [1], which m a y  p reven t  the op t imum or ienta t ion of 
the p-Tr s y s t e m  in the C = N - O  group.  
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maximum concentra t ion of the i soe lec t r ic  form (AH ~ + HA • ) is r eached  at the i soe lec t r ic  point (pHi). 
Since for  the oximes given in Table 1 (pK 2 - pK1) > 4, they all ex i s t  comple te ly  in the i soe lec t r i c  fo rms  at 
pHi. The values of pH i for  (I), (VI), and (VII) p rac t ica l ly  coincide,  with a value of 7.4, and that for (V) is 
c lose to i t .  However,  because  of the low value of K T the proport ion of zwit ter ion in these oximes does not 
exceed 0.02%. The i soe lec t r ic  points of (II) and, par t icu la r ly ,  (11I) are  displaced into the alkaline region.  
Never the less ,  because of the increase  in KT the proport ion of zwit ter ion at  pH 7.4 is a l ready appreciable 
for  (II) (0.5%) and is high (54%) for  (HI). The oxime (III) is apparent ly  the f i r s t  known he te rocyc l ic  aldoxime 
ch a r a c t e r i z e d  by an appreciable magnitude of K T. 

E X P E R I M E N T A L  

The oximes (I-IV) have been obtained previous ly  [9, 10]. 

The O-methyl  e the r  of 1-methyl -A2- imidazol ine-2-carboxaldehyde oxime was obtained s imi la r ly  to 
(III) using methoxyamine hydrochlor ide .  Yield 39~c (oil). Pe rch lo ra t e :  mp 126.5-127.5~ (from isopropan-  
ol). Found, %: N 17.6; 17.4. C6Hi2C1N305. Calculated,  %: N 17.4. PMR spec t rum ( recorded on an HA- 
100D-15 s p e c t r o m e t e r  using a 10% solution in 2 N HC1 with ter t -butanol  as internal  standard),  ppm: 8.07 
(~CH) ,  3.98 (multiplet, CH2) , 3.85 (OCH3) , 3.20 (NCH3). 

The potent iometr ic  t i t ra t ion of the hydrochlor ides  (I, II, and IV) of the base (IID, of the methiodides 
of the oximes (I, II, and IV) and of the perch lora te  of the O-methyl  e the r  of the oxime (III) was pe r fo rmed  
with argon s t i r r ing  in a the rmos ta ted  cel l  at 25 �9 0.1~ using a pH-340 ins t rument .  The p H -m e te r  was ad- 
justed with f resh ly  p repa red  s tandard buffer solutions.  The concentra t ion of the substances being t i t ra ted  
was 0.01 M at the ha l f -neut ra l iza t ion  point.  The t i t rants  were an 0.1 N solution of KOH purif ied by a pub- 
l ished method [13] and an 0.1 N solution of HC1. The maximum sca t t e r  [13] was • 0.04 pK unit. 
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