
O X I M E S  O F  A Z O L E C A R B A L D E H Y D E S  A N D  A 2 - A Z O L I N E  - 

C A R B A L D E H Y D E S  A N D  T H E I R  D E R I V A T I V E S  

III.* s y n - a n t i  ( E - Z )  ISOMERIZATION IN AQUEOUS SOLUTIONS AND 

RELATIVE THERMODYNAMIC STABILITIES OF THE STEREOISOMERS 

I .  N .  S o m i n ,  N .  I .  S h a p r a n o v a ,  
a n d  S .  G .  K u z n e t s o v  

UDC 541.634'122.3:547.77' 78: 
543.422.23 

The configurat ional  (kinetic) s tabi l i ty  of the anionic and zwit ter ionic  f o r m s  of 1 - m e t h y l -  
py razo leca rba ldehyde  oximes  and 1 -methy l imidazo leca rba ldehyde  oximes  and the i r  qua-  
t e r n a r y  ammonium de r iva t ives  in aqueous solutions has been es tab l i shed .  In an acid 
medium,  i somer i za t ion  takes  place and an E -  Z equi l ibr ium of the cat ions of the oximes  
is e s tab l i shed .  The changes in the re la t ive  the rmodynamic  s tabi l i t ies  of the s t e r e o -  
i s o m e r s  of the h e t e r o a r o m a t i c  carba ldehyde  oximes  as hmctions of the s ize and nature  
of the r ing,  the posit ion of the oxime group,  and the s t e r i c  loading are  due to spat ia l  f ac -  
to r s  and e l ec t ro s t a t i c  in te rac t ions .  To substant ia te  the p r e f e r r e d  conformat ions  of the 
Z aldehyde oximes  the d i f fe rences  in the values  of the chemica l  shif ts  of the ~ protons  
of the r ing and the r a t e s  of the i r  deu te r ium exchange have been used.  

In a p reced ing  pape r  [1], the PMR s p e c t r a  of the uncharged and the cat ionic f o r m s  of 1 - m e t h y l p y r a z o l e -  
3- ,  - 4 - ,  and -5 -ca rba ldehyde  oximes  and of 1 -me thy l imidazo l e -5 -ca rba ldehyde  oxime (I-IV, respec t ive ly) ,  
and also the cat ions and zwi t te r ions  of the i r  qua te rna ry  ammonium de r iva t ives , t he  3(5)- and 4 -hydroxy-  
i m i n o - l , 2 - d i m e t h y l p y r a z o l i u m  and 4 (5 ) -hydroxy imino- l , 3 -d ime thy l imidazo l ium ions (V-VII, respec t ive ly) ,  
were  desc r ibed .  These oximes  a r i s e  in the fo rm of m ix tu r e s  of E (syn) and Z (anti) i s o m e r s .  
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The E / Z  ra t io  found f rom the s pec t ru m in an organic solvent  depends as a rule on the method of 
oximation [2] and the conditions of isolation,  purif icat ion,  s to rage ,  e tc .  The E / Z  r a t io s  in the s amples  
that  we had available a re  given in Table 1. On invest igat ing samples  of ox imes  with d i f ferent  E / Z  ra t ios  
in alkaline aqueous solut ions,  we obse rved  no i somer iza t ion  (at 20-30~ and no e s t ab l i shmen t  of an E - Z  
equi l ib r ium.  An additional proof  of the configurat ional  (kinetic) s tab i l i ty  of the anionic and zwit ter ionic 
fo rms  of the oximes  under  these conditions was obtained in an invest igat ion by  the PMR method of the 
deu te r ium exchange of the H4(5) protons of the E and Z i s o m e r s  of {VII). In the E i s o m e r  (zwitterion in t N 
NaOD), exchange was complete  a f t e r  3-4 h, while in the Z i s o m e r  only 45~c exchange was r eco rded  af ter  

* F o r  Communicat ion  II, see [1]. 
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TABLE I.  Proportion of the E Isomer in 1-Methyl-Substituted Azole- 
carbaldeh rde Oximes and Their  Derivatives 

Proportion of the E isomer in va~ioussarn~Im 
Oxlme of ~he oxime a, ~o (method of prepaza~on ~ ) 

I 30 (A) ; 90 ~ ) 
II ~-~5 (A); 27--40 (B) 

I l l  75 (A); 75 (B) 
IV 50 (B) 
V 63--73 (B) 

Equilib. proportion of E isomer 
in acidic aqueous soluflom, %(, 5%) 

430 
14 
80 
37 
8O 

VI 38--45 (B) 20 
, V I I  , 45--65 (C) 35 
aDe'termined from the PMR spectra in an organic solvent [1]. The 
spectra were recorded several  hours (sometimes days) after the 
sample had been dissolved. Since the possibility of slow isomeriza-  
tion was not excluded (see [2] and below), the figures given probably 
do not always correspond to the compositions of the initial c rys ta l -  
line oximes. 
bMethods of preparation: A and B, oximation of the aldehydes in 
acid and neutral media, respectively; C, quaternization of the oxime 
[2]. 

nine days. Under these conditions, the E / Z  ratio remained unchanged*; it depended only on the composi= 
tion of the initial sample. It is obvious that with an appreciable velocity of the E ~ Z process,  a non- 
equilibrium distribution of the deuterium between the isomers cannot exist  over such a long period. The 
results obtained do not confirm the point of view according to which there is alkaline catalysis of E - Z  
isomerization [3, 4], 

As was to be expected [3], isomerization did take place in dilute solutions of mineral  acids. Under 
these conditions, the E - Z  equilibrium of the cationic forms of the oximes (I-VII) was established fairly 
rapidly (depending on the concentration of the acid) (Table 1). 

For the majority of aliphatic [5], aromatic [6], and s ix-membered heteroaromatic [7,8] aldoximes, 
the E configuration is thermodynamically the more stable, which is due to the obvious spatial differences 
of the s te reoisomers  [4]. Under the usual conditions only the E isomers of 1-substituted benzimidazole- 
2-c arbaldehyde oxime [9 ], imidaz ole-2-c arbaldehyde oxime, A 2_imidazoline_2_c arbaldehyde oxime, and 
A2-pyrazoline-3-carbaldehyde oxime [1,2] are formed, The instability of the Z isomers is shown by the 
configurational individuality (E) of these oximes under conditions (acidic aqueous solutions) [1] in which 
the establishment of the E - Z  equilibrium is ensured (see below).* In addition to this, it is known that Z-  
furan-2-carbaldehyde oxime is considerably more stable than Z-benzaldehyde oxime [11], and Z- iso-  
thiazole-5-carbaldehyde oxime is more stable than the E isomer [12]. 

In the oximes (I-VII), the two geometric forms exist  in the equilibrium in comparable amounts, while 
for the majori ty (I, II, IV, VI, and VII) the Z isomer proves to be the more stable. The greatest  predomin- 
ance of the Z configuration is character is t ic  for the oximes (I, II, and VD in which both ~ positions of the 
ring lack methyl groups. The introduction of methyl groups into the remote fl positions (II --~ VI, HI--* V, 
IV ~VID scarcely affects the E / Z  ratio, while the methylation of an c~ position ( I ~  V) leads to the de- 
"stabilization of the Z isomer.  

The tendency to an increase in the stability of the Z isomers  on passing from six-  to f ive-membered 
aromatic systems also ref lects  the action of the steric factor.  A consideration of scale molecular models 
(Eugon, Hungary) shows that the hindrance in the Z isomers between the oxygen and the proton of the ~ -  
carbon, preventing the coplanarity of the ring and the C ~ N  bond [13],diminishes with the contraction of the 
ring. This takes place because of the increase in the CoCC and CCH angles (conformation A) or the CoCN 
angle and the angle formed by the CN bond and the axis of the orbital of the lone pair of electrons of the 
ring nitrogen atom (B and C conformations)~t 

* The recording of the E / Z  ratio and of the degree of deuterium exchange was performed simultaneously 
from the signals of the ~ C H  and the H4(5) protons [1] (scale of recording the spectra 0.2 Hz/mm).  
t The Z-l-methylbenzimidazole-2-carbaldehyde oxime recently obtained [10] proved to be unstable and 
rapidly changed into the E isomer.  
$ The spatial requirements of this orbital are apparently somewhat smaller  than for a hydrogen atom at- 
tached to ansp 2 carbon [14]. 
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A distort ion (in the direct ion of an increase) by 6-7 ~ of the CCoN 0 and CoN00 angles of the oxime group (con- 
formation A) in Z-p-chlorobenzaldehyde oxime as compared  with the E i somer  [13] indicates the importance 
of this hindrance.  

The s te r ic  hindrances  in (HI-V), (VII), and 1-methyl imidazole-2-carba ldehyde  oxime are approxi-  
mately  equivalent.  The substantial  differences in the relative stabil i t ies of the i somers  between these two 
groups of oximes cannot apparently be due to the electronic effects of the nuclei,  since quaternization,  
which sharp ly  changes these effects ,  does not (unless it i nc reases  s te r ic  hindrance) lead to an appreciable 
change in the E / Z  ra t io .  The energy  contribution of an in t ramolecular  hydrogen bond (intra HB) between 
the hydrogen of the hydroxy group and the a -n i t rogen  atom of the r ing to the stabilization of the Z i somers  
is apparently nonexistent.  This bond has been detected only in the thermodynamical ly  unstable Z i somers  
(pyridine-2-carbaldehyde oxime [7] and benzimidazole-2-carbaldehyde oxime [10]) . An analogous intra  HB 
with the a - c a r b o n y l  oxygen also proves insufficient to stabilize the corresponding s t e r eo i somer s  of the ~ -  
oxo oximes [15]. It is cha rac te r i s t i c  that  in the stable Z i somers  an intra  HB of this type is ei ther  impos-  
sible (II-VII) or  should be weaker  (I) (because of the low basic i ty  of the ring nitrogen atom) than in the 
imidazole-2-carba ldehyde  oximes.  No intra HB is formed in the stable Z- furan-2-carba tdehyde  oxime [16]. 
Apparently,  the main reason for this situation is the energet ic  unfavorableness  of the cis orientation of the 
C 0 ~ N  0 and O - H  bonds of the oxime group (C) [5, 16, 17]. 

An attempt has recent ly  been made to base the comparable  stabil i t ies of the E -  and Z-benzaldehyde 
oximes ( E / Z  = 10) on the formation of an intra  HB of a different type (A) [18, 19]. Our resu l t s  on the 
chemical  shifts (CSs) and deuter ium exchange of the ring protons (see [1] and below) do not contradic t  the 
hypothesis of the existence of such bonds in the Z i somers  (I-VII). However, it must  be mentioned that an 
intra  HB of this type must  be substantial ly stabil ized when the oxime group ionizes.  This predicates  [20] 
a considerable increase  in the ionization constants of the Z aldoximes which, never the less ,  prove to be 
lower than for the corresponding E i somers  [12, 21]. Finally, the geomet r ica l  conditions for intra  HBs of 
both types are more  favorable in the s ix -membered  aromat ic  aldoximes.  Because of the differences in 
the external  angles of the ring, the deviations of the axes of the bonds and of the orbitals  involved in intra  
HBs f rom the optimum are more  considerable for f ive -membered  sys tems  [22]. 

We assume that the differences in the E / Z  ra t ios  of the aldoximes cons idered  are  determined main-  
ly by spatial fac tors  and e lec t ros ta t ic  in teract ions .  Thus, for  the Z i somers  of the 1-methyl imidazole -2-  
carbaldehyde oximes in the s -c i s  conformation B, the e lec t ros ta t ic  interaction of the lone pairs  of e lec -  
t rons  of the oxygen and the ring ni trogen atoms is apparently so g rea t  that the s - c i s  conformation C with 
an intra HB proves  to be the more  stable [10], although this conformation,  too, is energet ica l ly  unfavorable 
(see above) because of the "repulsion of the lone pairs  of the oxygen and the nitrogen of the oxime group" 
[5]. The s - t r an s  conformation D is probably impossible for s ter ic  reasons .*  In the Z i somers  of (I-VII), 
of furan-2-carba ldehyde  and of i sothiazole-5-carbaldehyde oximes there are  the favorable s -c i s  conforma-  
tions A. For  furan-2-carba ldehyde  oxime, the predominance of this conformation has theoret ical  and ex-  
per imenta l  bases [16]. Information [1] on the CSs of the neighboring ring protons in ( I -VI I )pe rmi t  the p r e -  
dominance of the A conformat ions  to be demonstra ted at any rat ios  of the ion-forming groups of these 
oximes.  Table 2 gives the difference of the CSs of these protons between the Z and E i somers  (AS = 6 Z - 
6 E) in each case .  This difference is a measure  of the influence of the magnetic anisotropy of the oxygen 
of the oxime group on the neighboring positions of the aromatic  r ing.  With free rotat ion of the oxime 
group around the C r i n g - C o x i m  e bond, this influence must  be distr ibuted propor t ional ly  to the relative 
population of the two possible coplanar  (or close to coplanar [13]) conformat ions .  The overal l  effect  of 
anisotropy can be evaluated f rom compounds with two neighboring protons:  by the summation of the values 
of&5 for two nonequivalent protons (II) or  by the doubling of the values of A5 for  equivalent protons (VI). 
In oximes with a single neighboring proton (I, III-V, VII), with a considerable predominance of confo rma-  
tions A the values should be close to those corresponding to the combined effect which, as a rule, is in 
fact the case .  The possibi l i ty of this, naturally rough approach is confirmed by information [23] relating 
to oximes of acy l fe r rocenes .  The values of the combined effect  es t imated  on three compounds with two 

* The instability of the Z i somers  of the azol ine-2-carbaldehyde oximes mentioned can be explained s imi -  
larly.  

1071 



TABLE 2. Dif ferences  in the Chemica l  Shifts of the Ring Pro tons  
Adjacent  to the Oxime Group of the 1-Methyl-Subst i tuted A z o l e c a r -  
baldehyde Oximes ,  Adi = di Z -- di E 

A~, ppm a 
Oxime uncharged form cation zwitterion 

in acetone in DMSO in water in water 

I I,I v 0,50 -- -- -- 0,51 -- 0,69 -- 
I I I 0 , 6 0  - -  0 , 4 3  - -  
IV 0,59 c 0,56 -- 
V .  -- OYO 0,49 0,60 
Via -- 0,44 0,60 0,90 

V I I  - -  0,43 0,62 0,95 

a F o r  the va lues  of the chemica l  shif ts ,  see [1]. bAdiH3+ ASHs. 
t in  DMSO. d 2AdiH3(5). 

neighboring protons  a re  0.54-0.76 ppm.  The mean value (0.65 ppm) ag ree s  well  with the value of 0.61 ppm 
for  the single neighboring proton in a compound with a r ig id ly  fixed or ienta t ion.  

The" s t e r eospec i f i e i t y  of the deu te r ium exchange of the ring proton in (VII) ment ioned above also indi-  
ca tes  a p redominance  of conformat ion  A. Because of e l ec t ros t a t i c  hindrance to the a t tack of an OD- ion on 
the r ing proton f r o m  the side of the negat ively  charged  oxygen of the oxime group,  this a t tack will be mos t  
effect ive at  the m a x i m u m  dis tances  between the oxygen and the proton.  Fo r  the zwit ter ion (VI) with two 

o 

equivalent  protons  these d is tances  a re  p rac t i ca l l y  identical  in the E and Z i s o m e r s  (4.95 and 5.03 A), which 
is conf i rmed  by  the comparab l e  r a t e s  of exchange.  (At pD 12-13, exchange in 10-15 min  amounts  to 72% 
for  the E f o r m  and 82% for  the Z form.)  The e x t r e m e l y  low ra te  of exchange in the Z i s o m e r  of (VII) as 
c o m p a r e d  with the E i s o m e r  (see above) excludes  any appreciable  par t ic ipa t ion  wha tever  in the c o n f o r m a -  
t ional  equi l ibr ium of the s - t r a n s  conformat ion  D, for  which the d is tances  between the oxygen and the p r o -  

o 

ton in the E and Z i s o m e r s  a re  s i m i l a r  (4.95 and 5.03 A).  

fg. 

Returning to the f igures  of Table 2, i t  can be seen  that  the values  of A6 for  aqueous solutions of the 
oximes  (III) and {V) are  l e s s  than the co r respond ing  total  e f fec t  of an iso t ropy .  This deviation can hard ly  be 
a sc r ibed  to the par t ic ipa t ion  in the conformat iona l  equ i l ib r iumof  the s t e r i c a l l y  h indered  s - t r a n s  c o n f o r m a -  
t ions D. I t  r e m a i n s  to be a s s u m e d  that  in the equi l ibr ium nonplanar  conformat ions  play a cons iderab le  
p a r t  fo r  the Z i s o m e r s .  The rea l iza t ion  of these i s o m e r s  is connected with the d is turbance  of the conjuga-  
tion in the s y s t e m  which m a y  probably  lead to a change in the e n e r g y  balance  in favor  of the E i s o m e r .  In 
actual  fact ,  in the s e r i e s  (I-VII) only in the case  of the oximes  (III) and (V) is the E i s o m e r  more  s table  
than the Z i s o m e r  (Table 1). A source  of d i f fe rences  in the E / Z  ra t ios  between the pyrazole  de r iva t ives  
(III, V) and the imidazole  de r iva t ives  (V, VII), in which s t e r i c  h indrances  a re  approx ima te ly  the s ame ,  m a y  
be connected with d i f fe rences  in the vec to r s  of the e l ec t r i c  momen t s  of the r ings .  
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