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OF D ,TION 

B.K. KERZHNER, V.I. KOFANOV AND 
T.L. VRUBEL 

A.V. Dumansky Institute of  Colloid 
and Water Chemistry 

Ukrainian Academy of  Sciences 
Kiev, USSR 

ABSTRACT 

The metlizods f o r  de r iva t i za t ion  of phenols, subs t i tu ted  

aromatic aldehydes, ketones and amines t o  produce substances 

containing / 
The l a t t e r  a r e  capable t o  fo rm a f o u r  - s p o t  square as a 

r e s u l t  of two-dimensional chromatography with preliminary 

W-i r rad ia t ion  before each development. It i s  shown, that  on 

t h e  sorbent layer  take  place revers ib le  Z - E, syn - anti 
and azomethine-methanolamine conversions, which peimit  t o  

obta in  the Ln.agic square on ID2 plates  aid %bus  t o  iden t i fy  

organic compounds i n  complex mixtures. 

-N=E-, >C&< and \C=N- bonds have been considered. 
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3092 KERZHNER, KOFANOV,AND VRUBEL 

I ~ R O D U C T I O N  

I n  previous papers we have described the  simple method 

f o r  ident- i f icat ion of double bond-containing organic 

Substances i n  TlC! (1,2)* It includes -two-staged UV-i r ra -  

d i a t ion  w i t h  i n t e r s t i t i a l  chromatography and f i n a l  de- 

velopment of  t h e  p l a t e  i n  t h e  orthogonal d i r ec t ion  ( 3 ) .  

The spots  of those compounds, which a re  able  t o  form 

s t a b l e  Z- and E-isomers on the sorbents  surface a re  disposed 

i n  t h e  squares ve r f i ces  but  other  compounds extend along 

the  straight l ine,  passing through t h e  start- and cross- 

po in t s  of t he  eluent  fxonts. Thus, during the ana lys i s , the  

separat ion of t he  products present  i n  t h e  sample and the 

determination of reversably izomerizing compounds can be 

achieved. Due t o  the sorbent ac t ion  one succeeds t o  obta in  

the  m a g i c  square f o r  some compounds forming s t e r i c a l l y  

hindered Z-isomers (and s o  i n s t a b l e  o r  no t  ex i s t ing  i n  a 

so lu t ion)  ( 4,5 ). 
It was i n t e r e s t i n g  t o  inves t iga t e  t h e  p o s s i b i l i t i e s  

of the m a g i c  square in iden t i fy ing  compounds which are 

capable t o  produce double-bonded der ivates .  The present  

work deals with the inves t iga t ions  of compounds containing 

-N=N-, >C=C( and ‘C=N- bonds prepared by the  condensa- 

t i o n  o r  combining. O u r  a t t en t ion  was mainly a t t r a c t e d  by 

the  reac t ions  of chromophoric groups introduct ion,  developed 

i n  t h e  frame of t h e  photometric ana lys i s  applied t o  diffe- 

r e n t  classes of organic compounds ( 6 ). 

/ 

E X P ~ I L ~ F T A L  

The in t roduct ion  of azo-substituents i n t o  phenols and 

an i l i nes  was ca r r i ed  out  by t h e  azo-combination r eac t ion  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



MAGIC SQUARE. I1 3093 

with PhlTzBq. Add 0,5 ml of pure an i l i ne  t o  4,O ml HBFLL 

dropwise while s t i r r ing .  Cool obtained p r e c i p i t a t e  on t h e  

i c e  bath and add so lu t ion  of 0,4 g NaNO2 i n  1,.5 ml of  

water by drops while stirring. Prec ip i t a t e  of PI.Nz BFZ 

suck and dry on the  g l a s s  porous f i l t e r .  Azo-combination 

with subs t i t u t ed  an i l i nes ,  naphthylamines, phenols and 

naphtols car ry  out a s  usually ( 6 ). Neutral ize  t h e  reac- 

t i o n  mixture and t h e  dyes formed ex t r ac t  i n t o  chloroform. 

The der iva t i aa t ion  of f r e e  hydroxy- and amino- groups 

was performed by acyla t ing  mixture (boron t r i f luori .de 

so lu t ion  i n  ace t i c  anhydride) according t o  ( 7 1. 
Mix an ex t r ac t  and acylat ing m i x t u r e  i n  equal volumes 

f o r  15 min at a room temperature i n  the  concentrator 

(a pear-shaped flask with forged out  t i p ) .  Di lu te  the 

reac t ion  mixture by t he  three-fold volume of a sa tura ted  

aqueous so lu t ion  NH4F. Acglated products are t ransfered  

t o  a deposited chloroform layer ,  

The in t roduct ion  of an ethylene-substituents was ca r r i ed  

out by t h e  Condensation of aldehydes with acetone leading t o  

chalcones. 

Place i n t o  concentrator 10-20 mg of aldehyde add 1,0 m l  

o f  acetone, 1,0 ml of t h e  6crjo aqueous so lu t ion  of H2S04- o r  

9 N KOH solution. Reflux the  r eac t ion  o l i x t u c  f o r  20 rnin on 

a water bath. Cool t o  t he  rcom temperature and d i l u t e  with 

water t o  volume 20 m l ,  neu t r a l i ze  and ex t r ac t  using benzene. 

To produce chalcone from benzaldehyde, an acid was 

used while t o  synthe t ize  it from f u r f u r o l  an a l k a l i  w a s  

taken. 

The in t roduct ion  of azomethine moue  i n t o  aromatic 

aldehydes w a s  performed by condensation as described i n  (b). 
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Place lU- l5  mg of  aldehyde i n t o  the concentrator, add 

20 mg of NH20H-H2S04 dissolved i n  l,5-2,O m l  of ethanol and 

1,0-1,5 ml of an aqueous solution containing 30 mg NaOH. 

Reflux 2-3 m i n  on the water bath. Cool ,  d i lute  with 20 m l  

o f  water, acidify up t o  pH=I and extract  ddoximes using 

diethyl ether. 

Ketoximes of substi tuted benzophenones are similarly 

obtained; heating time i s  t o  be increased up t o  40 min. 

Azomethine derivatives having Shiff s bases s t ructure  

were obtained by condensation of substi tuted ani l ines  with 

aromatic aldehydes. 

fix i n  equimolecular quantaties 5-10 mg of  ani l ine 

and aldehyde dissolved i n  2 ml of ethanol, add 1 drop of 

concentrated H C I ,  heat gently f o r  5 min, cool, d i lu te  t o  

5-fold volume by water, neutral ize  with ammonia and extract  

using diethyl ether. (Because these reactions are reversible,  

initial compounds and f i n a l  products were chromatographicaly 

observed usually). 

The chromatography of the obtained azo-, ethylene- 

and azomethine derivatives was performed on s i l i c a  ge l  

TIC p la tes  (Merck N 5721 i n  the most cases). Before each 

case of the chromatography the i r rad ia t ion  was carr ied 

out using the W-lamp ( H P ,  O,5 kVJt) placed a t  a distance 

of 20 cm from the layer f o r  2-5 min. The i r radiat ion time 

should be experimentally established f o r  every specif ic  

case i n  order t o  minimalize any possible res in i f ica t ion  

of  the spots. 

The chromatography was performed within a chamber 

w i t h  saturation and eluting hexane-acetone mixture. The 
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MAGIC SQUARE. I1 3095 

mixture composition i s  chosen depending on t h e  type of 

mixtures t o  be separated. 

RESULTS AND DISCUSSION 
While analysing complex mixtures of organic compounds 

in coloured media, f o r  exmple  i n  waste water, o f ten  the  

necessi ty  t o  check that pa r t i cu la r  compound i s  found 

cor rec t ly ,  t h a t  i s  i n  an additional i den t i f i ca t ion  method 

occurs. When applying t h e  TLC i n  addi t ion t o  the  Rf value 

t h e  magic square method can be used t o  this purpose. 

The magic sauare f o r  azocompounds. The iden t i f i ca t ion  

of aromatic compounds, subs t i tu ted  by amino- o r  oxy-groups 

can be addi t ional ly  confirmed by magic square a f t e r  reac t ion  

with diazonium salt. This r e s u l t s  i n  t h e  formation of azo- 

compounds: 

AnN2fX- + Ar'OH - Ap-N=N-Ar'OH 
+ APM,X- + Ar'NH, - Ar-N=N-Ar'NH, 

Azo-dyes containing f r e e  amino- and hydroxygroups 

conjugated wi th  aeogroup i n  t h e i r  molecules do not form 

s t ab le  2-isomers ne i ther  i n  a so lu t ion  nor on a surface 

a f t e r  t h e  i r r ad ia t ion .  The quinonhydrazone tautomerim and 

t h e  v ibra t iona l  deact ivat ion of exi ted molecules prevent 

t h e  isomerization. We could not  succeed t o  chromatographically 

e s t ab l i sh  t h e  isomerization i n  any of t h e  inves t iga ted  azo- 

dyes containing f r e e  amino- and hydroyy-groups i n  t h e  

adsorbed s t a t e .  The acylat ion of f r e e  func t iona l  groups, 

however, did permit t o  ob ta in  reversibly isomerizing azo- 

compound der ivat ives .  Also, t h e  alkylat ion with diazomethane 
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3096 KERZHNER, KOFANOV,AND VRUBEL 

l eads  t o  receiving of t h e  magic square i n  oxyazocompounds. 

The obtained Rf values  for t h e  Z- and E- izomers of aromatic 

amines and hydroxy-compounds der ivat ives  a re  given i n  

Table 1. 

I n  addi t ion,  f o r  minocompounds t h e  reac t ion  o f  oxida- 

t i o n  with ozone i n  a corresponding nitroazoconpound wbich 

a l so  gave t h e  magic square (4), proved t o  be sui table .  

Also other  oxidation methods can be used t o  receive the  

magic square. These oxidation methods serve for -khe oz idz-  

t i o n  o f  phenols t o  obtain quinones and f o r  t h a t  o f  an i l i ne9  

t o  produce nitrozocoinpouns. The obtained products  c3n be 

r a the r  eas i ly  condensed with t h e  formation o f  azo-dyes 

which e i the r  l ead  t o  t h e  magic square i n  t h e i r  r e su l t ed  

form, or require  t h e  acylat ion o f  a f r e e  hydroxygroup, i.e.: 

Ar'OH 
A r N O  + H ~ N O H  - Ar-N=N-OH - Av.N=N-Ar'OH 

The magic square for ethylene derivatives. The pro- 

duction of o l e f i n i c  compounds has a more r e s t r i c t i v e  

s ignif icance for t h e  organic anal isys ,  as t h e i r  synthesis  

under " t e s t  tube conditions" i s  impeded. Besides, nume- 

rous reac t ions  of aldehyde condensation with the  compounds 

having ac t ive  methyl group i n  t h e i r  composition a re  t h e  

most  a t t r ac t ive .  

We have used t h e  above reac t ion  t o  determine benzaldehyde 

and f u r f u r o l  thxough t h e i r  der iva t ives ,  t h e  chalcones. 

For the  product of  t he  benzaldehyde and acetone condensa- 
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Table 1 
Chromatographic mobility of azoderivatives of 
aromatic wines  and alcohols while obtaining 
magic square 

- - - - I -  

Aniline 
NHc0CU3 0,43 0,60 

4-aino azoben- 
zene 

2-Napht yl- 
mine 

- - - - - -  
Phenol 

- - - - - -  
Phenol 

1 -phenglaz o- 
2-naphtylamine N\cOCH3 0,50 0,81 

4-oxy az ob enzene OC H, 0331 0974 

boyyazobenzene OCOCH, 0,53 0,72 

t i o n  the Rf values of the Z- and E- izomers i n  the hexane - 
acetone eluent ( 2 : l  ) were 0,32 and 0,44 respectively. 

The form of chromatograms w i l l  depend on the type of 

a reagent. Thus, f o r  acetone the condensation of both methyl 

groups result ing in the production of both symmetric and 

asymmetric chalcones i s  possible. The reaction o f  acetone 

with furfurol  proceeds as  follows: 

Q C"=CH- CO-CH= CHQ 
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3098 KERZHNER, KOFANOV,AND VRUBEL 

Indeed, one can observe two overlapping squares on the  

chromatograms. The Rf v d u e s  f o r  both isomers of yellow- 

coloured symmetric chalcone are 0,39 and 0,49 respectively 

and the  absorbtion in the UV-spot region a t  Rf equal t o  

0,43 and O,53 are re la ted  t o  an asymmetic derivative. 

The mNic square f o r  azomethine derivatives. A wider 

range of substances can be ident i f ied a f t e r  the introduction of 

azomethine group what i s  associated with the  existence of 

numerous methods f o r  the  production of appropriate deri- 

vatives f o r  d i f ferent  classes of organic compounds. This 

paper deals only with azomethine derivatives of aromatic 

aldehydes, ketones, and amines (oximes and Shiff '  s bases), 

though f rom the published data one can expect the magic 

square formation f o r  other reversively isomerizing compounds 

with )C=N- bond, f o r  example, hydrazones, etc. 

Table 2 gives Rf values f o r  substi tuted benzaloximes. 

A s  it could be expected, the  change of molecule geometry 

does not s ignif icant ly  a f fec t  the  chromatographic mobility. 

As it i s  Seen from the Rf values given i n  Table 2, the  

maximum difference does not exceed 0,l. Probably f o r  t h i s  

reason the use of hydroxylated s o r b e n t s  does not permit 

the separation of the syn- and anti- isomers i n  the investi-  

gated ketoximes what however, gives the possibi l i ty  t o  

d i f fe ren t ia l ly  determine the substi tuted aromatic aldehydes 

and ketones by applying the magic square method t o  t h e i r  

azomethine derivatives. 

In principle,  the aromatic azomethine(Shiff' s bases) 

formation can be used f o r  cross determination of aromatic 

aldehydes and &es i n  one stage. A lower activation 
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Table 2 

Chromatographic mobil i ty  of aromatic aldehydes, 
ketones, and amiaes while obtaining m a g i c  square 

3099 

p-Methy l b  enz ophenon HQ, - 0,24 

- 0327 p-chlorobenzophenon I\  

p-Dimethylamino- 
b enzophenon 

p-Toluidine 

g-Br omaniline 

0,43 0,60 

0,42 0,SO 

Aniline 

m 4  ol u i  din e II 
p-Bromaniline 0,65 0,82 

p-Nitroaniline 0,56 
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energy of isomer transformations of )C=N- 

bases s t i p u l a t e s  t h e i r  exis tence i n  t h e  form of an equilib- 

rium mixture of syn- and ant i -  modifications under normal. 

conditions. For t h e  simplest representa t ive  o f  a given row, 

benzalani l ine,  w e  observed t h e  hydrolysis  on s i l i c a  g e l  

surface during t h e  i r r ad ia t ion .  Apart an i l i ne  and benzalde- 

hyde any other  products of photoreaction were n o t  discovered. 

A s  t h e  observed transformation can be c l a s s i f i e d  a s  t h e  photo- 

hydrolysis  reac t ions  ( the  exc i t a t ion  of a molecule i s  acco- 

mpanied by theincrease of ni t rogen atom bas i c i ty ) ,  it i s  

reasonable t o  suppose %hat t h e  introduct ion o f  acceptor 

subs t i tuent  conjugated with a bridge group, as it fo l lows  

from the  considerat ion of' e lec t ron  s t ruc tu re  of  Shi f f l  s 

bases, w i l l  l ead  t o  t h e  increase  of t h e i r  molecules s tab i -  

l i t y  under t h e  photoirradiat ion.  I n  f s c t ,  having conducted 

the  c ondens at i o n  o f  m-ni t r o b enz a1 deliy de nit'n subs t i tu ted  

m i n e s  given i n  Table 2,  we succeeded t o  ob ta in  t h e  deriva- 

t i v e s  determined by the  mGic q u a e  method. It i s  i n t e r e s t i n g  

t h a t  t he  u s e  of  the  pdimethylaminob~nzaldehyde  a l s o  l eads  

t o  a pos i t i ve  r e s u l t  i n  s p i t e  of apgarent contradict ions 

with the above Eta-teiiient-. It i s  reasonable t o  sul;pose that  

i n  t h i s  case the  -N(CH3)2 sub t i tuen t  looses  i t s  donor 

$roper t ies  due t o  the i n t e r a c t i o n  with ac id  cent res  of the 

bond i n  Shi f f l  s 

s i l i c a  gel surface and t h e  formation of cation-like 
6+ S- 

-X(CH-) ... H-O-Si- 3 2  
It should be noted t h a t  f o r  Sh i f f l  s bases given i n  

Table 2 magic square probably r e s u l t  i n  another nechanism 

than syn- =ti- isomerisation. %e consider t h a t  t h e  reverse  

hydratat ion o f  t he  azomethine group i n t o  a subs t i tu ted  
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methanolamine one on acid centres of  the  hydrated s i l i c a  

gel surface takes place according t o  the following scheme: 

To j u s t i f y  this assumption several Shi f f ' s  bases 

produced from the pdimethylaminobenzaldehyde were exmi- 

nated. IpTNo spots, upper yellow and lower colourless can 

be observed on chromatograms a f t e r  a short exposure even 

without W-irradiation before the chromatography. Several 

minutes l a t e r  the  colouring of the upper spot decreases 

and t h e  turning but of the lower spot t o  yellow takes place. 

The magic square shows the  establishment of an equilibrium 

on the layer. Certainly such colour changes and Rf values 

t e s t i f y  not s o  much the  occurence of the molecule geometry 

changes (isomerization) a s  t h a t  of the break of conjugated 

electrone system r e s u l t s  i n  azomethine group hydratation, 

but still  this i s  a phenomenon of the reverse reaction 

occuring on the layer. 

COHCLUSIOB 

It i s  shown, t h a t  derivatization of the substi tuted 

aromatic compounds permits t o  identify t h a  by the magic 

square method. Azo-, ethylene- and azomethine derlvatives 

of  phenols, anil ines,  aromatic aldehydes, ketones and ace- 

tone were studied, Summing up the obtained r e s u l t s  leads 

t o  a conclusion tha t  the  ident i f icat ion of a wide range 

of organic compounds by the  magic square i s  p o s s i b l e  pro- 

vided tha t  the methods f o r  t h e i r  unsaturated derivatives 

preparation are available. 
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