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Silver (II) ion is one of the strongest oxidants in acidio medla(1,2). 

In our previous work(3), dealing with oxidation of organio oompounds with 

cerium (IV) , we have shown that strong oxidant does not necessarily have to 

be unselective in its aotlon upon organio oompounds. The principal matter 

there Is a selection of the propsr reaction oonditions. 

For the same reasons as in the case of cerium (IV) we have undertaken 

an investigation of silver (II) as an oxidant In organio ohemistry. Lee and 

Clarke (4) have reported, a few months ago, their preliminary results on the 

oxidation of various organic oompounds with silver (II) complexes in basio 

media. Now we report the results of our investigation on the application of 

silver (II) as an oxidant for alcohols and aromatic hydrooarbons. We were 

interested only in the oxidation of these oompounds to aldehydes and ketones. 

All our experiments were carried out in acidic media. Silver (II) was used 

In the form of silver (II) oxide (5). Four prooedures were applied in our 

experiments I 

Prooedure A. Organio compounds I mM in 10 ml of an appropriate aoid and 

silver (II) oxide (2 mbf for aloohols, 4 mM for hydrocarbons) were stirred, 

first at a lower temperature then at higher. The end of reaction was indi- 

cated by dlsappearanoe of blaok silver (II) oxide. Then the mixture was di- 

luted with water and extraoted with ether. The further procedure is as des- 

cribed (3) In the experiments with oerium (IV). 
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Prooedure B. The reaction Is oarried out 8s In the prooedure A. The oarbonyl 

oompound is converted to its 2,4-dinltrophenylhydrazone without prior extrac- 

tion with ether from the reaction mixture. Inorganio ions present in the mix- 

ture do not interiere in the determination. 

Prooedure C. A solution of AgO in 5 ml OP oold HNO2 was added dropwise to a 

stirred and oooled solution OP organic oompound in 5 ml OP the same acid. 

The further proodaure is as in A. 

Rrooedure D.In this procedure silver(II)o is added in small portions 

during the reaction. 

It ha8 been found that silver (II) i n acidic media is a very speci- 

fic oxidant of organio compounds. The results on the oxidation OP alcohols 

are summar,ized in Table I. Benzylio alcohols are oxidized to benzaldehydes 

in good yields', Allylio alcohols are oxidized to the oorresponding unsatura- 

ted alaehyaes in satisfactory yields also. Seoondary aliphatic alcohols are 

oxidized to ketones. This reaofion cannot be accomplished with cerium (IV) 

in good yield. primary aliphatic alcohols are oxidized to sldehydes in poor 

yields. Tertiary aliphatio aloohols are resistant towards silver (II) under 

mild conditions. The oxidation of benzyl alcohol and o-ohlorobenzyl alcohol 

was carried out in nitrio acid. We have proved that under the indioatea con- 

ditions these alcohols are not oxidized by nitric aoid. When benzyl aloohols 

are oxidized by silver (II) t o aldehycles the observed stoiohiometry is it2, 

whereas in the o&se of cerium (IV) the observed stoichiometry is 1:i. 

Our results dealing with the oxidation of aromatio hydrooarbons are 

summarized in Table 2. A methyl group attached to an aromatic ring is oxidi- 

zed to an aldehyde group. When the benzene ring bears an aotivating substi- 

tuent the yields are good. i'i'hcn more then one methyl group is prosent only 

one is oxidized. The method cannot be applied to benzene derivatives with de- 

aotivating substituents, such aa C1,N02,0S2C6115. The reaction is very sen- 

sitive to steric hindranoe. The oxidation of p-phthallmldofoluene by sllver(I1) 

gives the corresponding aldehyde in 96s yield,whereae o-phthalimidotoluene 

is completely resistant towards oxidation. The same effeots have been obser- 

ved in the oxidation of these compounds by oerium (IV). The para OOmpOund 
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TABLE I 

Oxldatloa of Alooholr 

to Aldelyraer and Ketones by Silver (II) 

Aloohol 
Prooe- Resotion Condltlone 

dure 
-____--_--_L_-_______________I Yield 

solventa 'Temp. OC 

(Time, mln) SC 

C6=sm20H 

m-02NC6H4CE20E 

o-02NC6Hq%B20FI 

o-c1c6H4Qi20H 

plar,COC,H,~,OH 

pleopropylben5yl 

aloohol 

CZS2 - CRCJi20H 

m$H- CECH20H 

C6H5CZI = CHCE20H 

oyolohexano1 

I-C&OH 

Cs%P2CH2OH 

A 

C 

A 

A 

A 

C 

A 

A 

B 

B 

A 

A 

B 

A 

B 

AoOH +.H3W4 85s 

(10 I I) 

rn”3 10 y 

H3F041M 

H3P041Y 

H3P041M 

Iwo3 65% 

H3P04 IM 

AoOH + H3P04 85% 

(IO : i) 

Ham4 2bi 

H3P04 IY 

AoOH 

HP4 4M 

HP4 2M 

AoOH + H3P04 85% 

(10 : I) 

AoOH + H3W4 85% 

(10 : 1) 

20(120), 40(120), so(20) 

-10 (3) 

20 (60). (20). 40 60 (lo) 

20(60), 40(20), 60 (lo) 

20(60), 40(20), 60 (30) 

-10(3) 

5 (25) 

20(120), 40(60) 

2om 

20 (N 
20(180), 40 (100) 

20(8) 

20(60) 

20(60), 40 (60), 60(60) 

20(60), 40(90) 

65 

71 

87 

85 

79 

65 

93 

71 

70 

73 

75 

55 

75 

44 

30 

8 The volume ratios are given 
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TABLE 2 

Silver (II) Oxidation of Aromatio 

hadroodrbons to Aldehydes and Ketones 

Starting Proce- Reaction Conditions _______u__-_________~~~~~~~~~~~~~~~~~~~ Yield 
compound dure 

Solventa Temp. 'C 

(Time, min) 
% 

o-c6'14(cET3) 2 

p-oymene 

p-II,COC,H,CH, 

o-I13COC6H4CX13 

p-AoHNC6H4C%13 

D 

A 

A 

A 

A 

A 

A 

A 

A 

A 

=3P04 85% 

AoOH 60% + H3P04 

( IO : 0.5) 

AoOH 60% + I13P04 

( IO : 0.5) 

A0011 Sti + H3P04 

(10 : 0.5) 

AoOH 60% + H3P04 

( 10 : 0.5) 

-10(30) 

85% 20(80), 40 (40) 

85% 20(60), 40(60) 

85% 20(60), 40(80) 

8546 2Oj00), 40(30) 

dloxan + H3P04 85% 20(60),40(120),60(60) 

(10 : I) 

A0011 60% + H3P04 85% 20(60), 40(30: 

( 10 : 0.5) 

dioxan + I13P04 8546 20(30; 

( 10 : 0.5) 

dioxan + H3P04 85% 20(60), 40(60) 

(IO t 0.5) 

dioxan + H3P04 85% 20(60), 40(120; 

(10 : 0.5) 

54 

60 

75 

49 

71 

63 

63 

90 

84 

51 
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TABLE 2 

(Continued) 

starting 
aompound 

Prooe- Qaotlon Conditions 

dure 
______--_-_________~~~~~~~~~~~~~~~~~~~ yield 

Solvent a Temp. 'C % 
Time, m&n 

o-Phthalimidotoluene- A 

o-Phthallmidotqluene i A 

m-ClC6H4CH3 D 

2-Methylnaphthalene A 

2,3-Dimethylnaphthalene A 

2,6-Dimethylnaphthalone A 

c6=5a2?+ D 

(c6H5)2=2 D 

Tetralin A 

Indane A 

D 

C6H6 
D 

AoOH + H3PO4 85% 

(IO : I) 

20(60), 40(60), 60(90) 

AoOH + H3PO4 85% 

(10 2 1) 

20(60), 40(60), SO(90) 

H3pO4 85% 

dioxan + H3PO4 85% 

( IO : 1) 

dioxan + H3PO4 85% 

( 10 : I) 

dioxan + H3PO4 85% 

(10 t I) 

-10(60) 

20(60), 4O(i20), 60(60) 

20(60), 40(120), SO(90) 

20(60), 40(120), SO(60) 

H3P04 85% -10(60) 

H3PO4 85% -iO(lOO) 

AoOH 60% + H3$'04 85% 20(60), 40(40) 

( 10 : 0.5) 

AoOB 60% + H3PO4 85% 20(60), 40(60) 

(10 t 0.5) 

HNO3 6M 500) 

DC104 6M T (7) 

98 

0.0 

19 

63 

64 

70 

65 

0.0 

52 

60 

33D 

34b 

a The volume ratios are given b p-Benzoquinone is formed 
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can be oonverted to the aldehyde by oerio ammonium nitrate in 50% acetic acid 

in 77% yield, but the ortho oompound is not oxidized. p-Cymene is oxidized 

by silver (II) to cuminaldehyde. There is formed only one carbonyl compound, 

otherwise as in the case of cerium (IV). Methylnaphthalenes are oxi\lized to 

the corresponding monoaldehydes in satisfactory yields. This reaction could 

not be accomplished by cerium (IV). We were not able oxidize o-and m-acetyl- 

toluidine to aldehydes or cyolohexene to cyclohexenone. Diphenylmethane was 

not oxidized by silver (iI). Ethylbenzene with silver (II) gives acetophenone, 

tetralin gives I-tetralone and indane gives I-indanone. It should be emphasi- 

zed that benzene itself can be oxidized by silver (II) to p-benzoquinone. The 

conversion of benzene into quinone takes place in nitric,perdhloric and phos- 

phoric (85%) acid. Ceric ammonium nitrate in GM HC104 oxidizes benzene to p- 

-benzoquinone in 20% yield. 6 Moles of the oxidants for 1 mole of benzene was 

used. p-Benzoquinone was isolated and characterized as its reaction product 

with 2,4-dinitrophenylhydrazine. 

REFERENCES 

I. J.J. Lingane and D.G. Davis, Anal.Chim.Aota i5, 201 (1956). 

2. D.G. Davis and J.J.Lingane, Anal.Chim.Aota iS, 245 (1958). 

5. L.Syper, Tetrahedron Letters 4493 (1966). 

4. J.B. Lee and T.G.Clarke, Tetrahedron Letters 415 (1967). 

5. R.N. Dammer and J.Kleinberg, Inorg,Syn. 4 12 


