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Silver (II) ion is one of the strongest oxidants in acidic media(,2).
In our previbus work(s), dealing with oxidation of organic compounds with
cerium (IV) , we have shown that strong oxidant does not necessarily have to
be unselective in its action upon organic compounds. The principal matter
there is a selection of the proper réaction conditions,

For the same reasons as in the case of cerium (IV) we have undertalken
an investigation of silver (II) as an oxidant in organic chemistry., Lee and
Clarke (4) have reported, a few months ago, their preliminary results on the
oxidation of various organic compounds 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 hydrocarbons, We were
interested only in the oxidation of these compounds 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 procedures were applied in our
experiments 3 7
Procedure A, Organic compounds 1 mM 1in 10 ml of an appropriate acid and
eilver (II) oxide (2 mM for alcohols, 4 mM for hydrocarbons) were stirred,
first at a lower temperature then at higher. The end of reaction was indi=-
cated by disappearance of black silver (II) oxide, Then the mixture was di-
luted with water and extracted with ether, The further procedure is as des-

oribed (3) in the experiments with cerium {IV),
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Procedure B, The reaction is carried out as in the procedure A, The carbonyl
ocompound is converted to its 2,4~dinitrophenylhydrazone without prior extrac-
tion with ether from the reaction mixture. Inorganic ions present in the mix-
ture do not interfere in the determination,

Procedure C, A solution of Ag0O in 5 ml of cold HNO3 was added dropwise to a
stirred and cooled solution of organic compound in 5 ml of the same acid.

The further proocedure is as in A,

Procedure D.In this procedure silver (II) oxide is added in small portions
during the reaction, .

It has been found that silver (II) in acidic media is a very speci-
fic oxidant of organic compounds, The results on the oxidation of alcohols
are summarized in Table 1. Benzylic alcohols are oxidized to benzaldehydes
in good yields, Allylic alcohols are oxidized to the oorrespohding unsatura-
ted aldehydes in satisfactory yields also, Secondary aliphatic alcohols are
oxidized to ketones., This reaction cannot be accomplished with cerium (IV)
in good yield. Primary aliphatic alcohols are oxidized to aldehydes in poor
yields. Tertiary aliphatic alcohols are resistant towards silver (II) under
mild conditions, The oxidation of benzyl alcohol and o~chlorobenzyl alcohol
was carried out in nitrioc acid. We have proved that under the indicated con-
ditions these alcohols are not oxidized by nitric acid, When benzyl alcohols
are oxidized by silver (II) to aldehydes the observed stoichiometry is 1:2,
whereas in the case of cerium (IV) the observed stoichiometry is 1:1.

Our results dealing with the oxidation of aromatic hydrocarbons 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 activating substi-
tuent the yields are good. When more then one methyl group is present only
one is oxidized. The method cannot be applied to benzene derivatives with de-
activating substituents, such as 01,N02,oszcen5. The reaction is very sen-
sitive to steric hindrance. The oxidation of p-phthalimidotoluene by silver(II)
gives the corresponding aldehyde in 96% yield,whereas o~phthalimidotoluene
is completely resistant towards oxidation, The same effects have been obser-

ved in the oxidation of these compounds by cerium (IV). The para compound
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T ABLE 1
Oxidation of Aloohols
to Aldehyaes and Ketones by Silver (II)
Proce- Reaotion Conditions
Aloohol dure - s Yield
Solvent ‘Temp. ]
(Time, min) %
A AcOH +.H,PO, 85% 20 (120), 40(120), 60(20) 65
CgHy CH,0H
(10 : 1)
C HNO; 10 M -10 (3) 71
P~0,NC H, CH,0H A  HgPO, 1 M 20 (60), 40 (20), 60 (10) 87
m=0,NCH ,CH,0H A HgPO, 1 M 20(60), 40 (20), 60 (10) 85
0-0,NC H  CH,0H A HaPO, 1 M 20 (60), 40(20), 60 (30) 79
0=-C1CgH, CH,0H c  HNO, 65% -10(3) 65
p-H,COC H, CH,,0H A H,PO, 1M 5 (25) 93
p-1sopropylbenzyl A AcOH + H,PO, 85% 20 (120), 40(60) 71
alcohol (10 H 1)
CH, = CHCH,OH B HaPO, 2M 20(7) 70
CH,CH = CHCH,OH B H,PO, 1M 20 (40) 73
CgHCH = CHCH,OH A AcOH 20 (180), 40 (100) 5
cyclohexanol A HyP0, 4M 20(8) 55
1~C4H,0H B HyPO, 2u 20 (60) 75
CgHy CH , CH, 0H A AcOH + HyPO, 85% 20(e0), 40 (80), 60(60) 44
(10 5 1)
(cm,) ,caca,0m B AcOH + HyP0, 85% 20(60), 40(90) 30

(10 : 1)

8 The volume ratios are given
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T 4 B L E 2
Silver (II) Oxidation of Aromatic
hadrocarbons to Aldehydes and Ketones
Starting Proce- Reaction Conditions Yield
compound dure Solvent® Temp. °¢ %
(Time, min)
CgH CH, D HaPO, 85% ~10 (30) 54
p=CgH, (CH,), A AcOH 60% + H,PO, 85% 20(80), 40 (40) 60
(10 : o.5)
m-CgH, (CHs) A AcOH 60% + I,PO, 85% 20(60), 40 (60) 75
(10 : 0.5)
0=Cgi, (CH,) 5 A AcOH 60% + HaPO, 85% 20(60), 40 (80) 49
(10 : 0.5)
A AcOH 60% + HgPO, 85% 20(60), 40(30} 71
10 : 0.5
1.3,5-(:6113(ca3)3 ( )
A dioxan + H,PO, 85% 20 (60),40(120)60(60) 63
(10 : 1)
p-oymene A AcOHl 60% + HgPO, 85% 20(60), 40(30)} 63
(10 : 0.5)
p-11,C0C H, CH, A dioxan + H,PO, 85%  20(30; 90
(10 : 0.5)
i 84
0-H,COC H, CIl4 A dioxan + H,PO, 85% 20(60), 40(60)
(10 : 0,5)
p-AcHNCH , CH,, A dioxan + H4PO, 85% 20(60), 40(120; 51
(10 : 0.5)
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T A BLE 2
( continuea )
Starting Proce- Reaction Conditions
compound dure a ° Tield
Solvent Temp. c )
Time, min
o-Phthalimidotoluenser A  AcOH + HuPO, 85% 20(60), 40(60), 60(90) 26
(10 : 1)
o-Phthalimidotoluene jA  AcOH + H,PO, 85% 20(60), 40(60), 60(90) 0.0
(10 : 1)
n-C1CH, CH, D  H,PO, 85% -10(60) 19
2-Methylnaphthalene A  dioxan + H,P0, 85%  20(60), 40(120), 60 (e0) 63
(10 : 1)
2,3-Dimethylnaphthalene A  dioxan + H,PO, 85% = 20(60), 40(120), 60(%0) 64
(10 : 1)
2,8~Dimethylnaphthalene A  dioxan + Hy PO, 85% 20(80), 40(120), 60(60) 70
(10 1 1)
Cll5 CH, CH D  H,PO, 85% ~10(60) 65
(CgHs) 2CH, D  H,PO, 85% -10 (100) 0.0
Tetralin A AcOH 60% + H,P0, 85% 20(60), 40 (40) 52
(10 : o0.5)
Indane A AcOH 60% + H,P0, 85% 20(60), 40(60) 60
(10 : 0.3)
D HNO; oM 5(10) 33P
C.H
(]
b
D  HCl0, 6M 7(7) 34

2 tThe volume ratios are given

b

p~Benzoquinone is formed
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can he converted to the aldehyde by ceric ammonium nitrate in 50% acetic acid
in 77% yield, but the ortho compound is not oxidized. p-Cyméne is oxidized

by silver (II) to cuminaldehyde, There is formed only one carbonyl compound,
otherwise as in the case of cerium (IV). Methylnaphthalenes are oxidized to
the corresponding monoaldehydes in satisfactory yields. This reaction could
not be accomplished by cerium (IV). We were not able oxidize o-and meacetyl-
toluidine to aldehydes or cyclohexene to cyclohexenone, Diphenylmethane was
not oxidized by silver (11). Ethylbenzene with silver (II) gives acetophenone,
tetralin gives i-tetralone and indane gives l-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,perchloric and phos-
phoric (85%) acid, Ceric ammonium nitrate in 6M HClO4 oxidizes benzene to p-
=benzoguinone in 20% yield. 6 Moles of the oxidants for 1 mole of benzene was
used, p-Benzodquinone was isolated and characterized as its reaction product

with 2,4~dinitrophenylhydrazine.
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