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We1 have recently reported evidence concerning the debated2 mechanism of the oxidation of alco-
hols by peroxydisulphate. We suggested different reaction pathways in the presence or absence
of silver salt. In the first case an alkoxy radical is formed by A32+ IEq.(lﬂ , while in the
latter an hydrogen abstraction occurs at C-H bonds by SOZ. Eq.(2)

02" + 2- - 2+
2 8 + Ag —_— 504 + SF)A + Ag
Eq. (1) CH,-OH  + ag?t ——— CHy-0+  + At . o+ v
Eq. (2) CH-OH  + so;' ———  CH,-0H + BHSO,

Now we wish to report further conclusive evidence with regard to Eq.(l) and, at the same time,
new types of selective homolytic aromatic substitutions. We have taken advantage of the great
trapping effectiveness of protonated heteroaromatic bases towards alkyl radicals (absolute rate
constants in the range of 105—107 1 M1 sef:_1 were determined for the addition of alkyl radicals

to protonated basesa).

A) Oxidation of alcohol I (4-penten-1-ol) by Nazszo8 and Ag+ in presence of protonated hetero-—
aromatic bases leads to formation of cyclic tetrahydrofuran— and tetrahydropyran—-type alcohols
(II and III) in good yields E@.(%ﬂ : ArH; = protonated heteroaromtic base
Bq.(3) Ay o+ || 8“‘" \/L |
HO
1 1

The substitution takes place at positions a and vy to the protonated nitrogen.

A typical example is offered by the alkylation of lepidine: heteroaromtic base (0.025 mol),
H2804 conc. (0.0125 mol), alcohol I (0.125 mol) and AgNO3 (0.00125 mol) in 20 ml of H20 and
5 ml of CH3—CN were refluxed for 4 hours, adding Na2S208 (0,025 mol) into the solution.
The alcohols IV (90Z) and V (10%) were obtained in 957 yields based on converted base (387),
analyzed by G.L.C. and characterized by N.M.R., I.R. and Mass Spectra:
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CH3 CH 3
m/@ \
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N (o] N
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IV

In the absence of silver salt products of structure II and IIT were not formed at all.

Two mechanism might be cosidered to explain these results:

a) formation of an alkoxy radical according to Eq.(4) followed by intramolecular addition to
the double bond Eq.(SEl with ring closure and selective alkylation of the protonated base

by radicals VI and VII owing to their nucleophilic character:

Eq. (4) o oag? —— o |l . agt o+ ow
HO 0
L]
Eq.(5) | ———— +
e :o: 0
0
Ris VII
ArH;
Eq. (6) VI + VII — . I + III

b) electron-transfer oxidation of the double bond to give rise to a radical cation VIII first
and the same radicals VI and VII afterwards Eq.(?) and (BH :

VIII

+ .
2+
Eq . (7) + Ag — . m 4__’_+ m
HO HO

HO!
Eq.(8) VIII —> VI + VII
Tn order to clarify these two different possibilities we have studied in detail the following

new reactions:

B) Oxidation of olefin IX (cyclohexene) by Nazszo8
aromatic bases leads to formation of B-hydroxyalkyl derivatives of structure X Eq.(QEl :

- OH
8202 / Ag+
Eq.(9) ArH + —

ArH

+ .
and Ag 1in the presence of protonated hetero-
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A typical example is the reaction of cyclohexene with quinoline: heteroaromatic base (0.02 mol),

HZSO4 conc. (0.0l mol), olefin IX (0.2 mol) and AgNO3 (0.004 mol) in 20 ml of H20 and 10 ml of

CH3—CN were refluxed for 4 hours, adding Na28208 (0.02 mol) into the solution.

The alcohols XI (35%) and XII (657) were obtained in quantitative yields based on converted
base (36%):

and oH

N
-
N

/,

X1 HO

A

XI1I

XI and XII represent mixtures of cis and trans isomers (the latter prevailing) and were charac-
terized by N.M.R., I.R. and Mass Spectral analysis.
The reaction also occurs in the absence of silver salt but in lower yield.

In this case three different reaction pathways might be considered:

o H
+ H
c) + A32+—> Ag+ + ——2-—-0-
L] [ ]
H
- 9= + H,0
d) + SO0, ——= S0 + —_
4 4 . .
OSO3H (-0H) OH
e) + 80, (+0H) —— —_
* *

At present our opinion is more consistent with pathway d) on the ground of the intermediate ra-
dical cation formation between SO; and alkylbenzenesbl’4 having ionization potentials similar
in magnitude of that of cyclohexene. However further studies are in progress to find out other

significant evidence supporting such interpretation.

C) Oxidation of alcohol XIII (2-allyloxyethanol) and alcohol XIV (3-buten-1-0l) by NaZSZOB and

+ . :
Ag in presence of protonated heteroaromatic bases leads to products of structure XV and XVI1

Eq.(lo) and (llﬂ :

0 0
. szog / Ag®
Eq.(10)  XIII +  ArH) <5 ., X
/ HO / ArH

. szog'/ Ag+
Eq.(11) | +  ArH) < I | | .
ﬂ HO rH .X_V'.E
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These results clearly indicate that formation of alkoxy radicals is the favoured process with

unsaturated alcohols Eq.(12) and (13}] :

Eq.(lZ) E-sclsmon + CH.O

Eq.(13) “ ] B-scission “ + CHZO
0

Furthermore they support mechanism a) in the formation of tetrahydrofuran-type ethers and are
in agreement with previous studie55 concerning the intramolecular addition of alkoxy radicals
to a double bond , though oxidation of an olefinic bond by peroxydisulphate remains a real pos-
sibility as we have shown in the oxidation of cyclohexene. We do not even rule out that tetra-
hydropyran—type ethers might arise by a competitive reaction according to Eq.(7).

To conlude, in our point of view, the results of this work offer evidence that alkoxy radicals
are formed in silver-catalyzed oxidation of alcohols by peroxydisulphate according to Eq.(1)
and show new types of aromatic substitution in the heterocyclic serief.

Further studies along this line are in progress in our laboratories.
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