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Abstract - Smgle crystal X-ray diffractmn analysis, spontaneous formation and - 
solvolyti~ stability of the dipolar Schiff base iraxaioliurn enolate, derived from 

aldehydes and ketones were studied. The cross conjugated betaine (V )  derived from 

2.4-dimethoxybenraldehyde by condensatron with 4-phenyl disx acld (11). showed 

coplanarity and cis configuration. The X-ray results revealed exceptionally long 

bonds between the two units, that of the anion and that of the cation. Results 

obtained by omega beta calculations were in line wlth the experimental observations. 

Cyelopentanone was the only ketone that gave a stable dipolar condensation product. 

Derivatives of aromatic aldehydes are generally more stable probably for the reason 

the coplanarity of the cationic part of the molecule is more feasible. There is 

evidence for attractive C-H..D interactions which might contribute to stability in 

aldehyde derivatives (IIIa). Ketisates (IIlb), which vere synthesized by an alter- 

native route were found to hydrolyze spontaneously when dissolved in moist solvents. 

AnalogouS betaines that have N'-substituted pyrarole instead of isoxarole vere also 

studied, leading to a scheme far facile decomposition of axirnes and hydraroner. 

The spontaneous condensation of aromatic aldehydes vlth 3.5-dihydroxyisonaiole derivatives (I) 

to produce red solid dipolar products (IIIa) were reported in earlier publ~eations.~-~ They were 

also named aldirates, a name which was derived from aldehydes and disic acids. The latter ir a 

name given4 to the highly acldlc heterocyclic system (I). These acids exist as mixtures of 

tautomeric forms (la-d). 

There is a great difference m stability between products derxved from aromatic aldehydes and 

those derived f m m  aromatic ketones. Whereas, for instance, 2.4-dimethoxybenialdehyde reacts 

spontaneously with disic acids (I) to ~ield red crystalline aldi~ates~'~, 2.4-dimcthoxyaceto- 

phenone fails to give even the slightest coloration. 

Most of the aliphatic carbanyl compounds give unstable products, which could not be isolated. 

The ketisate derived from acetone was r h o ~ n ~ ' ~  to be unstable and the isolated producrs vere 

mesityl oxide derivatives. In the presence of primary and secondary alcohols (R'OB), derivative 
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of iroxarolmxnrine ( 1 0  "are obtained.' With a.0-unsaturated ketones a noncatalyred Michael 

addition war observed, either at the nitrogen or both at the nitrogen and carbon. a,B-Vnsaturated 

aldehydes ylelded polymers. 5 

The single crystal X-ray structure determination of compamd (0 rhich is described here provides 

information a b u t  the mleeular and steric features of this group of dipolar products which was 

hitherto incomplete. The stereochemistry around the ~ = 8  double bond was found to be cis. e.g.. tho 

one with the aldehydic hydrogen closer to the carbony1 oxygen (see Fig. 1). The other important 

features rhich were deduced from the X-ray study were coplanarity, exceptionally long bonds inside 

the isorarolium ring and evidence for C-H...O hydrogen bonding. 

The hanihedral angle between the heterocyclic ring and tho 2.4-dhethoxyphmyl ring is 4.37' 

(Figs. 1. 2). That which is between the heterocyclic ring and the phenyl attached to the anion is 

9.84'. The angle betwean these two nromntie rings is about 5'. The noticeable findings concerning 

the b n d  distances are as follows: a) Both the anidic C-N bond and the estsric C-0 single bond 

nrs very long. Therefore any conjugation between the negative half and the positive half of the 

mleeuls as shorn for instance in structure Va should be excluded. The distance between the carbon 

and the oxygen in a single C-0 bond is considered to be 1.42 A. Ibreovsr this distance is wan 

shorter in eaters. Here r e  have a C3-0 distance of 1.469 & (Figs. 1, 2). mch longer than erpected 

far a single bond. me C1-N distance (Figs.1, 2) is also longer than expected for a single C-N 

bnd. In the parent compound. e.g. diric acid. the C - 0  and C-N bonds are considerably shorter. 



Fig.. Wlecular  s t ruc ture  of compound V Fi . 2. Bond lengths (;() and angles (') 
by X-ray d i f f rac t ion .  - in  compound V by X-ray analysis .  

They are 1.371 A and 1.375 A r e ~ p e c t i v e l y . ~ ~  Although resonative s t ruc tures  as Yb and Vc look 

hypothetical  they c m o t  be excluded. These s t ruc tures  (Vb and Vc) point  a t  a decreased sigma 

c l ~ a m c t ~ r  of tho C -0 and el-N bonds, while n-n o r b i t a l  overlap i s  still  possible. b) The two 3 

carbonyl a distances are shorter  than expected from delocalired s t ruc ture  V. The 

shortening of these bands is i n  l i ne  with the  s t re tch ing  o f t h e  C3-0 and C1-N as expected from 

contribution from the resonance s t ruc ture  Yb and Ve. The Cl-C2 and C2-C3 [Figs. 1. 2) distances 

are si lni lar  t o  aromatic W bonds as would be expected from the  deloealized s t ruc tures  such 

as V. c)  The deloca l i ra t ion  of electrons in the  ca t ionic  part  i s  exhibited i n  t he  shor t  distance 

of the C4-C5 CFips. 1, 2) bond, being a l so  i n  the  range of an aromatic W bond. The shor tes t  

C-C bond e.g. 1.367 A in the  phmyl group (C9-ClO. Figs. 1, 2) and the  longest aromatic C-C bond 

( e . ~ .  1.425 A f o r  C -C ) are  i n  agreement with such delocalirat ions as shown i n  s t ruc tures  Vd and 5 6 

Ve. I t  is evident  t ha t  t he  pos i t ive  charge has a more extended de loca l i ra t ion  than the  negative. 

I t  w a s  also in te res t ing  t o  do HM) calculat ions i n  order t o  t r y  t o  evaluate t h e  n e lec t ron  energy 

and bond orders  of this musual  structure.  This is permitted as a l l  atoms i n  the molecule have 

e i t h e r  n or n electrons.  The method used was a modified, self-consistent, version of Huckel 
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method (the wB technique) .6 The pr- s t ruc ture  of  t h i s  dipolar a ld i s a t e  is expected t o  

be stable as it consists  of a f i l l e d  s1-11 system u i t h  a &localization energy of 0.304 B 

electron. The calculated p a r t i a l  charges fo r  a system not containing methoxy gmups are  shorn 

i n  Fig. 3 and an, i n  agreement v i t h  the delosslired s t ruc ture  which is assmed from the  bond 

lengths. The bond orders a re  i n  l i ne  uith the experinental bond lengths (see Table 1). The 

gap between the HOW and Llho leve ls  was found to be of the  order of 0.1 Blmits which is i n  

line with the red colours observed f o r  these  sonpounds. In such s a l s u l a t i m r  a band order of 0.4 

complies u i t h  a s ingle  bond. Values calculated f o r  C3-O1 and C1-N r e r e  0.2872 and 0.3158. 

respectively. TTds is in l i n e  u i t h  the unusually long bonds observed by X-ray diffraction.  

Where shor t  bonds were observed, e.g. Cl-C2-C5 and C4-C5. tb calculated bond orders were s imi lar  

to  W aromatic bonds. 

The separation of charges in the  mloeulo  is r o l l  i l l u s t r a t e d  also in t h e  calculated e lec t ron  

densities (Fig. 3). A l l  the  atoms in the eat ionis  ha l f  are pos i t ive  and a l l  those i n  the  negative 

half an, negative (except f o r  a s m l l  pos i t ive  charge in the  a carbons). The charges on 

bath benrylie carbons (C and C2 in Fig. 3) explain the dranatic influence of svbs t i tuents  on rho 4 

spectra and s t a b i l i t y  of these  compound^.^ The calculated r e su l t s  a f t o r  introduction of two 

clostmn donating groups i n  ortho and para shoved a considerable s h i f t  of the posit ive charge to 

these p o s i t i o ~ .  acmmpBnied by a relevant change of calculated bond orders i n  the  phenyl r ing 

(see Table 1 and Fig. 3). 
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m. Experimental Bond Lengths i n  Compound V and 
Calculsred Bond orders f o r  t h e  System Shorn i n  Fig. 
3 (The numbering of atoms is given i n  Fig. I). ~ o n d  
Order of C C in  is 0.6667. 

2 ,-O' 
Bond Erpen-LU Calculsted bond orders' 

-0,029 bond length (1) System A System 8 
1-0.091 

1.169 0.2866 0.2878 

1.480 0.3164 0.3108 

1.375 0.1344 0.1211 

1.196 0.7343 0.7288 

1.219 0.7068 0.7075 

1.301 0.6089 0.5585 
0 9 %  - a,&'+' I. 394 0.5372 0.5524 

\- 
1.395 0.5485 0.5430 

0.4074 0.4061 

1.411 0.5279 0.6087 

1.425 0.5600 0.5742 

1.416 0.5600 0.5130 

1.391 0.6991 0.6905 
<' R g 

C7-C8 1.370 0.6420 0.6570 
N O  urn 

c8'9 1.395 0.6420 0.5842 'D 
Fi . 3. Calculated p a r t i a l  charges. C9-Cl0 1.367 0.6991 0.7471 
The numbers i n  parentheses are the  i-- 

calculated values with e lec t ron  $yrtem A and System 8 are those with and without e lec t ron  
donating subr t i tuent r  i n  posit ions donating groups a t  carbons 6 and 8 respectively. 
ortho and para) .  

TIE pwsencs of C-H...O a t t r a c t i ve  forces provides an explanarion why amna r i s  aldehydes reac t  

spontaneously t o  y i e ld  so l i d  a l d i r a t e s  w h i l e  ammatie ketones do not. By examining Fig. 1, it is 

possible t o  see t h a t  wp lana r i t y  of the ca t ionic  half  of the loolecule q u i r e s  overcrowding around 

the  rrfi bond. nie distance between the  oxygen [02) and hydrogen (H4) is shor te r  than t he  sum of 

the  YM der Waals r a d i i  (e.g. 2.3175 A). I t  may be assumed therefore t h a t  the  forces betveen there  

two atoms are a t t r a c t i v e  ra ther  than repulsive. This phenomenon which w a s  ca l led  C-H"'0 hydrogen 

bonding7 is h o r n  t o  e x i s t  often when t h e  C-K i s  adjacent t o  a pos i t ive  nitmgen.' The C4-H4-02 

angle which *as found t o  be 107.8' is large enough ro f u l f i l l  the regulrements suggested i n  the  

~ i t e r a t u r e . ~  Lloreover, the ortho methoxy group clloores to be positioned in such a way rllat it can 

farm another hydrogen bond. 80th  the observed distance (2.31 and t he  angle C97.18°) are also 

within t h e  required range. Such "bifurcatedT' hydrogen bonds were described ea r l i e r .  8 

Cyclopentanone gave a r e l a t i ve ly  s t ab l e  ke t i s a t e  (VI) ,by  i t s  reaction uirtr 'phenyl d i s i c  acid (11). 

The orange-yellow crys ta l s  are s t ab l e  on the  she l f  f a r  a few days and decompose in a few minuter in 

m i s t  Solvents. I t  w a s  the only Let i sare  t h a t  its m could be determined (Fig. 4). A pronounced 

deshielding of the  o protons i n  the cyclapenrane ring i s  reen and a remarkable difference between 

the  tuo a pa i r s  is observed. These f a c t s  suggest a eonsiderahle e lec t ronic  influence o f  the  



heterocyclic ring md that o m  pa i r  of hydrogens is i n  a very closs proximity to the oxygen. 

Ihaofors ,  sow kind of association of the phydrogens cannot be excluded as an explanation 

for the r e l a t i ~ e  s t ab i l i ty  i n  this case. 

Fig.. Hmr of VI 

The fa i lure  of n r o ~ a t i c  ketones to react with d i s i c  asid must therefore be attributed to the 

ins tabi l i ty  of the products. due to s t e r i c  effects  and the l a 9  of M e - 4  association. Such 

ketisntes which were prepared by an altornativo ray,' by applying the very reactive (chloro- 

urbonyllphmyl ketone (VII] to  k e r o ~ i m . ~  decomposed readily ovan in rela t ively  dry solvontr. 

Hydrolysis i n  wet solvents yielded e i the r  the s tar t ing material b t o x i m  o r  l a s t l y  tho ketone; 

dspanding on tho p u p s  and on the solvcnt. The ketisates VIIIa and VIIIb decomposed in wet 

chloroforn to  b o n r a p h n s  and 9-fluo-ns raspectivcly, but in wet acetoni t r i le  they 

desmpossd to  the corrcrpmding oximes. 

We wish to propose hsro the  follnring schsm. for  a gentle regonerrtion of ketones and aldehydes 

from t h e i r  oxines md hydrazones by applying (~orosubony l ]phsny l  kerau, (VIII and rubrDguont 

mild hydcolysis by dissolution in r o t  solvents. Difficulties in hydrolyzing oxirnes and hydrazones 

in  mild Embitiolu vcrs often roportsd.1° and t h i s  proposed procedure siwuld be adequate. 
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Single crystal X-ray analysis was carried out with a 4 circle automatic diffractometer Philips PW 

1100. Crystallographic data for N-(2,4-dimethoxylphenyl)methylidene-4-pheny1-3(5)-axoisoxarolium- 

S(3)-enolate (Vl : 

Chemical fornula 
C18K1505N 

Molecular weight 325.3 

Space group PZ1/n 

Unit cell dimensions a = 14.663 (21 A 

b = 11.878 (1) A 

c = 8.776 (1) A 

B = 100.07 A 

v = 1504 S. 

No. of mlecules in units cell: 4 

Density (calculated) : 1.436 g/cn-' 

Linear absorption coefficient: p(M0K 1 = 0.64 am-' 

NO. of unique reflections: 1921 

Disagreement index R: 0.069 

Weighted disagreement factor Ru: 0.090 

IR spectra ware taken with Psdin Elmer speetmplmtometer lbdel 157. NMR spectra were t k e n  

with a Brksr W-300 spectrometer. 

Crystallization of N-(Z,4-Dimethoxyphenyl)methylidene-4-phenyl-3(5)-oxoisoxaralim-5(3)-enola~. 

4-Phenyldisic acid (11) semihydratell (0.185 g) w a s  dissolved in tetrahydrofurane (30 ml). A 

solution of 2.4-dimethoxybenraldehyde (0.30 gl in tetrahydrofurane (30 ml) was added and the 

resulting red solution w a s  kept until crystals of V separated. mp 26ZDC. 

N-CYclo~entylidene-4-phenyl-3(5)-oxoisoxarolium-5(3)-enolat~ (VI). 

4-Phenyldisis acid (111 (1.45 g) semihydrate'' uas dissolved in tetrahydrofurane (2 ml). Cyclo- 

pentanone (3 m1) was added and the sblution s-n until all the solid dissolved. After 10 min an 

orange-yellow precipitate starred to crystallize. The resulting ketirate (VI) war collected by 

filtration and washed with dry ether. 0.7 (35%). mp 132'C. On disrolution in C X 1 3  a partial 

decomposition to cyclopentanone and phenyl disic acid (11) occurred. Nmr is shown in Fig. 4. 

Ir (V . cml): 1790. 1715. 1630 (typical for U) absorption of s~disaterl'~]. Anal. Calcd for 

C14HlJN03: C, 69.12; H, 5.39; N, 5.76. Found: C, 69.00; H, 5.42: N. 5.94. 



General Procedures for the Preparation of VIII from Oxines and Hydrazones by Reaction vith 

(Chlorocarbonyllphenyl Ketene (VII) . 
(~hlorocarbon~l]~hen~l ketene ( ~ 1 1 ) ~ ~  (0.9 g) was dissolved in dry ether (5 ml) and cooled on ice. 

A solution of the oxime of hydrazone (1 to 1.5 nooles) in e t h e ~  (15-35 ml) was added with stirring 

for 5-10 .in. 'rhe ~olid was collected after 5-30 min and washed with dry ether. In rha case where 

the hydrazone did not dissolve m ether, dry tetrahydrofurme (5-10 nl) was used. Experimental 

results for a feu relatively stable products are given in Table 2 .  

Table 2. Experimental Results and Ir of VIII, Derived by Reaction o f -  
(Chlorocarbonyllphenyl ketene (VII) vith Oximer and Hydrozones 

- 
VlIl . 
VIII b 

VIll c 

"11, d 

VIll . 
VIIl f 
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