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SYNTHETIC COMMUNICATIONS, 21(20), 2077-2088 (1991) 

CiiRO?lIUM(VI) BASED OXIDANTS I11 . I ”  

FERRIC DICHROMATE, POLYVINYLPYRIDINE SUPPORTED ZIKC, 

ASD FERRIC DICHROMTES AS NEW OXIDIZING AGEATS 

* * 
H. Firouzabadi , B. Tamami , N. Goudarzian, 

M. Hatam, M. Mansour Lakouraj 

Chemistry Department, 

Shiraz University, 

Shiraz, Iran 

Summary: Ferric dichromate, polyvinylpyridine supported z i m  

and ferric dichrornates complexes are prepared and used as stable, 

mild, ard efficient oxidizing reagents fo r  the oxidation of di- 

fferent organic compounds. 

efficient. 

Ferric dichromate compZex is more 

Oxidations with potassium dichromate in aqueous media 

are pH dependent and encounter problems in organic ~ynthesis?’~ 

Oxidation of organic compounds in organic solvents under aprotic 

condition is of importance for the pH sensitive compounds. 

this purpose different chromium(V1) based oxidants are reported. 

For 

5 , 6  

2077 

Copyright 0 1991 by Marcel Dekkcr, Inc. 
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2078 FIROUZABADI ET A L .  

The r e p o r t e d  r e a g e n t s  s u f f e r  from a t  least  one of t h e  f o l l o w i n g  

drawbacks; 1)powerful  o x i d a n t  wi thout  s e l e c t i v i t y ,  2 )h igh  aci-  

d i t y  o f  t h e  r e a c t i o n  media, 3 ) p h o t o s e n s i t i v i t y  o f  t h e  r e a g e n t ,  

4 ) u n s t a b i 1 i t y ,  S ) h y g r o s c o p i c i t y ,  6)dangcrous procedure  f o r  t h e i r  

p r e p a r a t i o n ,  :)long r e a c t i o n  t ime,and 8 ) t e d i o u s  work-up o f  t h e  

r e a c t i o n  mixture .  T h e r e f o r e ,  s e a r c h  f o r  t h e  new methodology is 

always a demand few s y n t h e t i c  purposes .  I n  t h i s  l i n e  o f  r e s e a r c h ,  

we have in t roduced  f o r  chromium(V1) based o x i d a n t s .  These r e a -  

g e n t s  a l s o  s u f f e r  from disadvantages  h?hich a r e  d e s c r i b e d .  1 , 2 , 7  

Supported a g e n t s ,  8-10 s p e c i a l l y  t h e  polymeric  ones ,  have 

found wide a p p l i c a t i o n s  i n  o r g a n i c  s y n t h e s i s .  S e v e r a l  polymer 

supported chromium(V1) o x i d i z i n g  a g e n t s  have been r e p o r t e d  i n  t h e  

l i t e r a t u r e . '  

chromate has  been in t roduced  for. t h e  o x i d a t i o n  of  hydroxy com- 

pounds." 

l a r g e - s c a l e  o x i d a t i o n s .  Therefore ,  p r e p a r a t i o n  o f  d ichromates  

wi th  inexpensive c a t i o n s  would be  o f  i n t e r e s t  and t h e i r  polymer 

supported r e a g e n t s  might be of  p r a c t i c a l  importance.  Along t h i s  

l i n e ,  copper dichromate was prepared  and i d e n t i f i e d  a s  a hTeak 

o x i d i z i n g  agent  under  a p r o t i c  c o n d i t i o n .  F e r r i c  dichromate was 

a l s o  prepared  and e x h i b i t e d  h i g h  r e a c t i v i t y  as an o x i d a n t  i n  

o r g a n i c  s o l v e n t s .  The a c i d i t y  o f  f e r r i c  dichromate (pH o f  a 

0 .01  molar s o l u t i o n :  2.19) i s  less pronounced t h a n  t h a t  r e p o r t e d  

f o r  pyridinium chlorochromate (pH of a 0.01 molar  s o l u t i o n : 1 . 7 5 )  

and i s  h i g h e r  than  t h a t  r e p o r t e d  f o r  z i n c  dichromate t r i h y d r a t e  

(pH o f  a 0.01 molar s o l u t i o n  2.85). 

Recent ly  p o l y v i n y l p y r i d i n e  suppor ted  s i l v e r  d i -  

This  r e a g e n t  i s  expens ive ,  hence n o t  s u i t a b l e  f o r  

2 
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CHROMIUM(V1) BASED OXIDANTS. I11 2079 

With t h e  above r e a g e n t ,  b e n z y l i c  a l c o h o l s  a r e  conver ted  

t o  t h e i r  cor responding  carbonyl  compound, i n  h igh  y i e l d s .  iiaph- 

t h a l e n e  and an thracene  a r e  conver ted  t o  1 , 4  and 9,lO quinones 

respectively.sec-Saturated a l c o h o l s  a r e  converted t o  t h e i r  k e -  

t o n e s .  S t y r e n e  i s  converted t o  benzaldehyde and t r a n s - s t i l b e n e  

t o  b e n z i l  and benzaldehyde. Acyloins  are t ransformed t o  t h e i r  

d i k e t o n e s  and p-hydroquinonesto t h e i r  cor responding  quincnes .Sa tura-  

t e d  pr imary a l c o h o l s  produced t h e i r  c a r b o x y l i c  a c i d s  (Table  1). 

Zinc dichromate t r i h y d r a t e  which i s  much cheaper  t h a n  

i t s  s i l v e r  analogue i s  r e p o r t e d  t o  b e  an e f f e c t i v e  oxidant  f o r  

t h e  convers ion  o f  d i f f e r e n t  f u n c t i o n a l  groups.  2 

Here we a l s o  r e p o r t  t h e  p r e p a r a t i o n  and u s e s  of po ly  2- 

and 4 - v i n y l p y r i d i n e  supported z i n c  and f e r r i c  d ichromates  a s  

new members o f  t h e  polymer supported metal dichromate o x i d i z i n g  

a g e n t s .  The presence  of t h e  dichromate an ion  i n  t h e s e  polymeric  

r e a g e n t s  i s  confirmed by t h e i r  IR s p e c t r a .  They a l l  show bands 

a t  930 cm-' and 765 cm-' c h a r a c t e r i s t i c  peaks f o r  t h e  dichroma- 

tes .  12 

The c a p a c i t i e s  o f  t h e s e  r e a g e n t s  were determined by atomic 

13,14 The a b s o r p t i o n  technique  and iodometr ic  t i t r a t i o n  method. 

v a l u e s  o b t a i n e d  were 1.6,  1 .9  and 2 . 4  f o r  p o l y ( 2 - v i n y l p y r i d i n e )  

suppor ted  z i n c  dichromate,  po ly  4-zinc dichromate and p o l y  2-or 

4 - f e r r i c  dichromates  r e s p e c t i v e l y  as mmoles o f  C r  O= p e r  gram of 

t h e  r e a g e n t s .  

po ly  4 - z i n c  dichromate complexes i s  probably  due t o  t h e  s t r u c t u r a l  

d i f f e r e n c e  between t h e  two s u p p o r t s  and consequent ly  

2 7  

The d i f f e r e n c e  i n  c a p a c i t y  between poly  ?-and 

d i f f e r e n t  
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2080 FIROUZABADI ET AL. 

Table I. Oxidation of Organic Compounds with Fe2(Cr207)3in CH3CN. 

No. Substrate Product Isolated Oxid. RXn 
Yield Subst. Time 

(hr) 

Benzyl Alcohol Benzaldehyde 75 2 1.5 

2 1.4 p-Me thoxyben- 
zyl Alcohol 

p-Methoxy- 85 
benzaldehyde 

3 p-Kitrobenzyl 
Alcohol 

p-Nitrobenzal- 9 8 . 8  
dehyde 

4 7 

4 p-Chlorobenzyl 
A 1 coho 1 

p-Chlorobenzal- 78 
dehyde 

1.5 1 . 5  

5 9-Me thy 1 hydroxy 
Anthracene 

9-Anthracene 70 
Carboxaldehyde 

2 2 . 5  

6 Phenylmethyl 
carb ino 1 

Acetophenone 90 2 . 5  2.7 

7 

8 

9 

10 

11 

Benzhyclro 1 Benzophenone 95 

Piperonal 98 

2 . 8  2.7 

2 0 . 3  

2 1.5 

3 3 

0.6 2 . 5  

Piperonol 

2 - Oc t ano 1 2-Octanone 84.7 

Men t ho 1 Menthone 94 

Cinnamyl Alcohol Benzaldehyde + 60 
Cinnamaldehyde 30 

1,4-Naphthoquinone 60 

9,lO-Anthraquinone 98.5 

12 

13 

14 

Naphthalene 

Anthracene 

trans-Stilbene 

3 4.5 

4 3 

4 0.3 Benzil + 86 
Benzaldehyde 14 

15 Styrene Benzaldehyde 60 3 4 

(continued) 
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CHROMIUM(V1) BASED OXIDANTS. I11 

Table I .  Continued. 

2081 

16 ' Benzoin Benzi l  89 1 . 5  1 

17 

18 

19 

20 

21 

Furoin  Fur i 1 93.5 2 . 8  1 . 5  

p-Hydroquinone p-Benzoquinone 86 0 . 5  0 .75  

1,4-Dihydroxy 1,4-Naphthoqui- 86 2 3 
Naphthalene none 

1-Octanol 1-Octanoic  Acid 94 3 3 

1-Heptanol  1-Heptonoic  Acid 88 3 . 5  3 

complexation wi th  t h e  z i n c  c a t i o n .  A s  s e e n , t h e  f e r r i c  d i c h r o -  

mate complex h a s  t h e  h i g h e s t  c a p a c i t y  and t h i s  i s  an advantage 

of  t h i s  r e a g e n t  over  t h e  z i n c  dichrornate complex o r  t h e  a l r e a d y  

r e p o r t e d  s i l v e r  dichromate complex. 11 

These polymeric  o x i d i z i n g  r e a g e n t s  are s t a b l e ,  i n s o l u b l e  

i n  water  and most o r g a n i c  s o l v e n t s .  They can be e f f e c t i v e  i n  

dichloronethanGbenzene,  and t o l u e n e .  They can b e  used i n  equi -  

molar amounts w i t h  r e s p e c t  t o  t h e  s u b s t r a t e s .  The chromium 

i o n s  remain f i r m e l y  bound t o  t h e  i n s o l u b l e  polymer s u p p o r t  d u r i n g  

t h e  r e a c t i o n s .  The work-up of  t h e  r e a c t i o n  mixture  i s  e a s y  and 

11 ,15  comparable t o  o t h e r  r e p o r t e d  polymeric  o x i d i z i n g  r e a g e n t s .  

A s  shown i n  Table  11, pr imary b e n z y l i c  and secondary 

b e n z y l i c  a l c o h o l s ,  a c y l o i n s  and hydroquinone were o x i d i z e d  t o  

t h e i r  corresponding carbonyl  compounds i n  h i g h  y i e l d s .  A s  f o r  

s e l e c t i v i t y  and r e a c t i v i t y  o f  t h e s e  r e a g e n t s  i n  t h e  o x i d a t  on 

of  d i f f e r e n t  hydroxy compounds, a few p o i n t s  worth mention ng. 
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2052 FIROUZABADI ET AL. 
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CHROMIUM(V1) BASED OXIDANTS. I11 2083 
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2084 FIROUZABADI ET AL. 

Firstly, it is seen that as in the case of the reported poly- 

viny 1 pyr id ine supported silver d ichromat el2 and p o l  yv inylpyr i - 

dinium dichromate,” poly 2-isomers are more efficient than poly 

4-isomers. Secondly, polymer supported ferric dichromates are 

considerably more reactive than polymer supported zinc dichromates, 

with poly 2-isomer being the most reactive one. 

In Table I11 we have compared the results of o u r  experi- 

2,11 ments with some of those previously reported in the literature. 

Investigation about the preparation and uses of cross- 

linked polyvinylpyridine supportcd meta l  dichromatc reagents and 

their regenerations are underway. 

EXPERIMENTAL 

pension 

samples 

Poly 2 -  and poly 4-vinylppridines were prepared by s u s -  

polymerization of the corresponding monomers. Polymer 
9 

of close molecular weights were used as supports . 

Capacities were determined by titration and atomic absorption 

technique. Oxidized products were identified by comparison of 

their spectra and physical data with those of the authentic 

samples. 

Preparation of Polyvinylpyridine Supported Zinc and 

Ferric Dichromate. 

Polyvinylpyridine supported zinc chloride and ferric 

nitrate were prepared by dropwise addition of the methanolic 
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CHROMIUM(V1) BASED OXIDANTS. I11 2085 

Table 111.  Several Comparisons of Ferric Dichromate, (FeD),and 

poly(4-vinylpyridine) supported Ferric Dichromate (P Fe), with 

zinc Dichromate trihydrate (ZnDT) f o r  the Oxidation of Organic 

Compounds. 

4 

No. Reactant Product Yields % 
(FeD) (PdFe) (ZnDT) 

Benzyl Alcohol 

p-Nitrobenzyl 
Alcohol 

Benzhydrol 

Cinnamyl 
Alcohol 

Benzoin 

Naphthalene 

Anthracene 

trans- S t i l b  ene 

Benzaldehyde 

p-Nitrobenz- 
aldehyde 

Benzophenone 

Cinnamaldehyde 

Benzil 

1,4-Naphtho- 
quinone 

9,lO-Anthra- 
quinone 

Benzil 

75 

98.8 

95 

30 

89 

60 

98.5 

86 

95 

50 

95 

5 

90 

10 

80 

50 

solution of the polymer to solutions of excess anhydrous zinc 

chloride and ferric nitrate nonahydrate in methanol respectively. 

The precipitates were washed first 

dichloroethane and dried. 

used immediately for the preparation of the reagents. 

with methanol and then with 

They were both hygroscopic and were 

A suspension of polyvinylpyridine supported zine chlo- 

dide or ferric nitrate (4 g. )  in acetone (20 ml) was added to 
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2086 FTROUZABADI ET AL.  

a stirred solution of the excess chromium trioxide (15 g. ,  0.15 

mol) in a minimum amount o f  water, which was diluted by the slow 

addition of acetone (150 ml) with stirring. Stirring %as con- 

tinued for 1 hr. and then the resulting mixture was refrigerated 

overnight. The light brown precipitates were isolated by simple 

filteration and washed with methanol-acetone mixture (1/1) and 

dried in vacuum at 5OoC to produce the stable and non-hygroscopic 

oxidants in a ,90% yield. 

General Procedure for Oxidation of Hydroxy Compounds 

with the Polymeric Agents. 

To a solution of the hydroxy compounds (5 mmol) in 

toluene, polymeric reagent (2.6 mmol based on the capacity) was 

added and refluxed for 0.15-4 hrs. 

was monitored by TLC (eluent: hexane-ether). On completion of 

the reaction the product was obtained by simple filtration and 

washing of the resin. 

and the desired carbonyl compound was obtained and if necessary 

purified by column chromatography. 

Table 11. 

The progress of the reaction 

The combined filtrates were evaporated 

The results are shown in 

16 Preparation of Ferric Dichromate . 
To a solution of Cr03(3,36 g, 0.022 mol) in water (50 

ml) freshly prepared ferric hydroxide ( 2 . 5  g, 0.24 mol) was 

added and the resulting mixture was refluxed for 4 hrs. The 

reaction mixture was filtered and the filtrate was evaporated 

on a rotatory evaporater. The resulting viscous material was 
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d r i e d  i n  a vacuum d e s i c a t o r  i n  t h e  presence  o f  P205 a t  4OoC 

o v e r n i g h t  t o  y i e l d  f e r r i c  dichromate ( -  90%). The p u r i t y  o f  

t h e  o b t a i n e d  dichromate was determined t o  be  - 92%. 

Oxidat ion of  Organic  S u b s t r a t e s  wi th  F e r r i c  Dichromate. 

To a s o l u t i o n  of s u b s t r a t e  (1 mmol) i n  a c e t o n i t r i l e  

(10 m l )  t h e  o x i d a n t  (0.5-4 mmol) was added t o  t h e  r e a c t i o n  

mixture  w h i l e  m a g n e t i c a l l y  be ing  s t i r r e d  and r e f l u x e d  f o r  0.3- 

7 h r s .  The r e a c t i o n  m i x t u r e  was f i l t e r e d  and t h e  f i l t r a t e  was 

evapora ted .  

column o r  p r e p a r a t i v e  l a y e r  chromatography t o  g i v e  t h e  d e s i r e d  

p r o d u c t s  i n  30-98.8% y i e l d s .  

The r e s u l t i n g  m a t e r i a l  was p u r i f i e d  by e i t h e r  
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