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Oxidation of Unsaturated Aliphatic and Arylalkyl Alcohols by Peroxy-

disulphate.

Intramolecular Cyclization of Alkoxyl Radicals

By Angelo Clerici * and Ombretta Porta, Istituto di Chimica del Politecnico, 39 Via Golgi, 20133 Milano, Italy

Oxidation of unsaturated aliphatic and arylalkyl alcohols by the sodium peroxydisulphate—silver salt system has been

studied. Both classes of alcohols lead to cyclic ethers through different pathways.

The ratio of five- to six-

membered cyclic ethers was established reliably by trapping the corresponding cyclic radicals with heteroaromatic

bases.
made with other oxidizing systems.

THE possibility of hydrogen abstraction ! as the primary
step in the oxidation of alcohols by peroxydisulphate has
recently been reconsidered by Caronna e/ al.2 who in-
vestigated the oxidation of saturated aliphatic alcohols
both in the presence and absence of silver salt. Their
results clearly showed that an alkoxyl radical is formed
in the presence of silver salt (Scheme 1) while hydrogen
abstraction occurs in its absence (Scheme 2).

S,082 + Agt —» SO2 + SO, + Ag?*
CH,-OH + Ag® —» CH,-O- + Ag+ + H+

ScHEME 1

Recently, Mihailovic ¢f 4/.3% have made a thorough
study of the oxidation of unsaturated aliphatic alcohols
using lead tetra-acetate, although no conclusive evidence
was achieved regarding the preferred size of cyclization,
owing to the further oxidation of the cyclic radical and
subsequent rearrangement. Also, Surzur and his co-
workers ® examined in detail the photolysis of the
nitrites of unsaturated aliphatic alcohols and have drawn
interesting conclusions on the mechanism involved by
trapping the cyclic radicals formed by means of the e.s.r.
technique.®

We have previously 7 investigated the oxidation of
unsaturated aliphatic alcohols by sodium peroxy-
disulphate and silver salt: this study allowed us to link
up the alkoxyl radical formation with its interaction
with the double bond and clarify the mechanism involved.

Now we report new results on the oxidation of various
classes of alcohols (unsaturated aliphatic with and with-
out a heteroatom in the aliphatic chain and saturated
aryl-alkyl alcohols) using sodium peroxydisulphate in the

Heat

S40g% —» 2 SO,
CH,-OH + SO, —» -CH,~OH + HSO,

SCHEME 2

presence and absence of silver(1) and copper(t) salts.
Most reactions were carried out in the presence of
protonated 4-methylquinoline and 4-cyanopyridine, since
heteroaromatic bases have proved to be a very valuable
trap for alkyl radicals.®® As the addition rate constant
of the alkyl radicals to the protonated bases was shown 10
to be very high, the cyclic radicals formed can be fully
trapped before their further oxidation and the correspond-
ing alkylation products of these bases completely account
for them (Scheme 3).

Since a general preference for the formation of the five-membered ring was observed, comparison has been
The products obtained are also interesting from the synthetic point of view.

Unsaturated Alcohols.—(1) Influence of the chain
length (Scheme 4). When n = 3 the cyclization leads to
the formation of both tetrahydrofuranyl (90%,) and
tetrahydropyranyl (10%,) ethers. This selectivity is in
agreement with the stereochemical rules of Baldwin !
which also apply to the homolytic processes and parallels
previous work on the oxidation of pent-4-en-1-ol with lead
tetra-acetate 1213 but is somewhat in contrast with the
photolysis of the corresponding nitrite.>1* It is clear
that the major product is the kinetically-controlled one
since the five-membered ring arises from the thermo-
dynamically less stable primary radical. The kinetic
preference for the five-membered transition state over the
six-membered one is frequently observed in organic
reactions.

However, it was rather surprising to find that when
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PNCHY, — ANeHy — ()
.\__O

lHet -yt
(CHy)
Hett ”>
0]

ScHEME 3 Het-H+ = protonated heteroaromatic base

n = 4 the sole reaction products are again five- and six-
membered ethers, whereas one would expect the six-
membered ring to predominate. At present we think
that the most plausible explanation is rearrangement of
hex-5-en-1-ol to the most stable internal olefin (hex-4-en-
1-ol) under the reaction conditions (aqueous sulphuric
acid) followed by almost exclusive cyclization of this
olefin to the five-membered-ring ether as the major
product (Scheme 5). Evidence for such isomerization
was also noted in the reaction of hex-5-en-1-ol with
pyridinium chloride and bromide.’® Moreover, in the
presence of silver salt, the equilibrium constant for
complex formation of several unsaturated alcohols
indicated 16 that the equilibrium constant is largest when
the double bond is § to the hydroxy-group.

(2) Influence of a heteroatom in the aliphatic chain
(Scheme 6). By replacing a CH, group with an oxygen
atom in the aliphatic chain of the unsaturated alcohol
the product obtained is quite different: the radical which
attacks the heteroaromatic base is that resulting from g-
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scission. Clearly, under the present reaction conditions,
the B-scission process is faster than cyclization or 3-
hydrogen abstraction: this is in contrast with the photo-
lysis of the corresponding nitrite.!”

n =

~
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V4

N
0-

CH,

SCHEME 4

Het = 4-methylquinolinyl for (1), (2), (5), and (6) and 4-cyanopyridinyl for (3), (4) (7), and (8).

1235

peroxydisulphate. It gave a high yield of y-lactone at
high conversion in a very clean reaction. The trans-
formation was considered to proceed by initial form-
ation of a radical cation, as indicated in Scheme 7,

Het
(CHy) l | Het-H* l I \O
Sy 3\0. — gt T PN ANS t 0

(2) (10°h)
(4) (5°)

(1) (90°%)
{3) (95°0)

H
Het-H'  Het .D He‘\/Cj
0” —* \t o + o

CH,
(55 (95%) (6)(5%)
(7)(88°%) (8)(12%)

* Mixture of two

diastereoisomers (40 and 609%,).

When the heteroatom was sulphur, no product of
attack on the heteroaromatic base was isolated. This is
probably due to the high oxidation potential of the
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SCHEME §

sulphur atom, which becomes the first target for oxida-
tion. Also, the alkyl radical formed from B-scission would
almost certainly not be able to attack the base.

through an electron-transfer process since normal
peroxydisulphate oxidation of the carboxy group would
lead to decarboxylation, and initial hydrogen abstraction
from the benzyl carbon atom would not be expected to
give complete selectivity of attack.

On this basis we have now investigated the oxidation
of 4-phenylbutan-1-ol. In this case the oxidation with
peroxydisulphate, both in the presence and absence of
silver salt, leads to the same secondary benzyl radical (13)
(Scheme 8). So it seems to us likely that the formation
of an alkoxyl radical (11), followed by hydrogen abstrac-
tion, is the primary step in the presence of silver salt,
while an electron-transfer process on the aromatic ring
(12) would account for the primary step in its absence.

It was not unexpected that the use of a hetero-
aromatic protonated base to trap the cyclic radical
formed was unsuccessful: in fact the very high oxidation
potential of the secondary benzyl radical prevents attack
on the base. In order to make the oxidation to the
corresponding cation quantitative copper(i) salt was
added and thus 2-phenyltetrahydrofuran (14) was the
sole product of the reaction.

Similar conclusions on the mechanism involved have
recently been reported by Walling et al.l® who recon-

X = CH, : as shown above

X
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ScHEME 6

Arylalkyl Alcohols.—Aromatic substrates with side-
chain CO,H and OH groups show two main points of
attack by an oxidizing agent. In a previous paper 18
we reported the oxidation of 4-phenylbutyric acid with

sidered the oxidation of aromatic substrates with side-
chain groups by peroxydisulphate both in the presence
and absence of silver salt.

Work is in progress on homologous alcohols (e.g. 5-
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phenylpentan-1-ol) which should be of more interest in
this connection because the different mechanisms of
oxidation would clearly differentiate the final ring-ethers:

2—
520/

<l o

—lactone
SCHEME 7

in the presence of silver salt, the five-membered ring
ether is expected to be the major product (8-hydrogen
abstraction by the alkoxyl radical) while in its absence
the six-membered-ring ether would result from the
electron-transfer process on the aromatic nucleus.

It is worth nloting that all the compounds obtained are
new and could probably be prepared only with difficulty

Q-

AV

(12)

§-H abstraction
(1) \ et

J.C.S. Perkin 1I

Alkylation of Hetevoaromatic Bases with Unsatuvated
Aliphatic Alcohols. General procedure. To a solution of
heteroaromatic base (0.025 mol), concentrated H,SO,
(0.0125 mol), the alcohol (0.125 mol), and AgNO, (0.001 25
mol) in H,O (10 ml) and CH,CN (10 ml), a solution of
Na,S,04 (0.025 mol) in H,O (10 ml) was slowly added (30

OH 0 min) with stirring and refluxing at 85 °C and kept for an

additional 4 h. The mixture was then cooled, diluted with
H,O, carefully basified with 3M-NaOH with stirring and
cooling, and extracted with ether. After removal of the
solvent, the residue was analysed by g.l.c. (using 5-ft
X 3-in columns in 10% UCC W-982 and 3% OV-17 on
Chromosorb W DMCS, 80—100 mesh) and fractionated by
column chromatography (eluant hexane-ethy! acetate,
8:2). All the alkyl derivatives of the heteroaromatic bases
were isolated as pure samples by p.l.c. (2-mm Merck
Kieselgel GF 254),

2-Tetrahydvofurfuryl-4-methylquinoline (1). This com-
pound had 3(CDCl;) 1.7—2.2 (4 H, CH,CH,, 8 to O, m), 2.6
(3 H, CHj,, s), 3.15 (2 H, CH,, d), 3.6—4.0 (2 H, CH,, « to O,
m), 4.3—4.5 (1 H, «to O, m), 7.2 (1 H, ArH, B to N, s}, and
8.1 (4 H, C;H,, m), mfe 227 (M*"), 157 (major peak),
143 84, 71, and 43, v . 3 050 (CH aromatic), 2 950—2 850
(CH, aliphatic), and 1060 (C-O0—C) cm™.,

2-(Tetrahydropyran-3-yl)-4-methylquinoline (2). Des-
pite the difficulty of its separation from (1), the use of
glc.—m.s.* allowed us to differentiate the two products
clearly on the basis of the relative abundance of ions in the
different fragmentation paths.?® Compound (1) yielded a

OH OH 0

(13) (14)

ScHEME 8

by other methods, so these reactions, besides their
bearing on the mechanism of oxidation of alcohols and
the effect of ring size on cyclization, are also interesting
from the synthetic viewpoint.

EXPERIMENTAL

Reagents.—Sodium peroxydisulphate was recrystallized
from water. Reagent grade silver(1) nitrate and copper(ir)
acetate were used as received. The purity of all organic
reagents was checked by g.l.c. and they were redistilled
when necessary. Reference compounds were either pur-
chased or synthesized by known methods.

Analysis.—'H N.m.r. spectra were recorded on a Varian
A-90 instrument. For ir. spectra a Perkin-Elmer 177
spectrometer was used. G.l.c. analysis were performed on a
Hewlett—Packard 5750 G instrument with a flow rate of 30
mlmin™ N,. Massspectra were taken on a Hitachi-Perkin-
Elmer RMU-6D spectrometer at 70 eV.

major peak of mfe 157, (2) of mfe 170.
(90%) and (2) (10%) were obtained in 95%
converted base (389%,).
2-Tetrahydvofurfuryl-4-cyanopyridine (3). This com-
pound had 3(CDCly) 1.6—2.1 (4 H, CH,CH,, 8 to O, m),
3.0—3.1 (2H, CH,, d), 3.6—4.0 (2H, CH,, « to O, m), 4.15—
435 (1 H, « to O, m), 7.35 (1 H, B to N, d), 7.55 (1 H, B
to N, s}, and 8.7 (1 H, « to N, d), m/e 188 (M*"), 118 (major
peak), 104, 71, and 43, v, 3 040 (CH aromatic), 2 960—
2 850 (CH, aliphatic), and 1 060 (C-O—C) cm™.
2-(3-Tetrahydropyranyl)-4-cyanopyridine (4). Glec.—
m.s.* was used to differentiate (4) from (3). Compound (4)
had m/e 188 (M*'), 157, 131 (major peak), 71 and 43;
3(CDCl,) 1.8 (4 H, CH,CH,, B and y to O, m), 3.5 (4 H,
CH,~O—CH,, a« to O, m), 4.7 (1 H, CH, g to O, m), 7.5 (1 H,
B to N, s), and 8.65 (1 H, « to N, d). Compounds (3)

* Instrument: Varian Mat 111, 80 eV, columns packed with 59,
E-30 and 59, OV-225, 5-ft X $-in.

Compounds (1)
yield based on
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(95%) and (4) (5%,) were obtained in 989, yield based on
converted base (43%,).

2-[a-(2-Tetrahydvofuryl)ethyl}-4-methylquinoline (5).
Compound (5) had §(CDCl,) 1.36 and 1.46 (3 H, CH,, 2 d),
1.75—2.2 (4 H, CH,CH,, g to O, m), 2.7 (3 H, CH,, s), 2.9—
3.25 (1 H, CH, m), 3.6—3.9 (2 H, CH,, « to O, m), 3.95—
4.25 (1 H,CH, o to O, m), 7.25 (1 H, B to N, s), and 7.4—8.0
(4 H, C;Hy, m), m/e 241 (M**), 171 (major peak), 157, 143,
and 71, v, 3080 (aromatic CH), 3 000—2 840 (aliphatic
CH,), and 1 065 (C-O-C) cm™L.

2-[(Tetrahydropyranyl-2-yl)ymethyl}-4-methylquinoline  (6).
G.l.c.-m.s.* analysis was used to differentiate this product
from (5) on the basis of the relative abundance of ions in
different fragmentation paths. Compound (5) yielded a
major peak of mfe 171, (6) of m/je 157. Compounds (5)
(95%,) and (6) (59,) were obtained in 989, yield based on
converted base (529%,).

2-[a-(Tetrahydrofuran-1-yl)ethyl]-4-cyanopyridine (7).
Compound (7) had §(CDCl,) 1.3 and 1.38 (3 H, CH,, 2 d),
1.5—2.2 (4 H, CH,CH,, 8 to O, m), 2.85—3.25 (1 H, CH, m),
3.6—3.9 (2 H, CH,, « to O, m), 3.9—4.2 (1 H, CH, « to O,
m), 7.35 (1 H, Bto N, d), 7.5 (1 H, 8 to N, s), and 8.7 (1 H,
a to N, d), m/fe 202 (M*'), 132 (major peak), 104, 71, and 43,
Ymax, 3 080 (aromatic CH), 3 000—2 850 (aliphatic CH,),
2 240 (CN), 1 065, and (C-O—C) cm1,

2-(Tetrahydvopyran-2-ylymethyl-4-cyanopyridine (8).
G.l.c.-m.s.* analysis was used to differentiate (8) from (7).
Compound (8) had m/e 202 (M*"), 118 (major peak), 104 and
85. Compounds (8) (88%) and (8) (129,) were obtained in
969, yield based on converted base (55%,).

2-Allyloxymethyl-4-methylguinoline (9). Compound (9)
had 3(CDCl;) 2.7 (3 H, CHj, s), 4.1 (2 H, CH,0, d), 4.8 (2 H,
ArCH,0, s), 4.9—5.4 (2 H, CH,=CH, m), 5.7—6.1 (1 H,
CH,=CH, m), 7.2 (1 H, « to N, s), and 7.4—8.2 (4 H, C¢H,,
m), mfe 213 (M**), 184, 157 (major peak), 143 and 115, v,
3 050 (aromatic and olefinic CH), 2 950—2 850 (aliphatic
CH,), 1 630 (CH,=CH), 1 060 (C—O—C), and 850 (CH out-of-
plane) cm™L.

2-Allyloxymethyl-4-cyanopyridine (10). Compound (10)
had 3(CDCl;) 4.15 (2 H, CH,0, d), 4.7 (2 H, ArCH,0, s),
5.2—5.45 (2 H, CH,=CH, m), 5.8—6.2 (1 H, CH,=CH, m),
7.35—17.45 (1 H, Bto N, d), 7.75 (1 H, B to N, s), and 8.65—
8.75 (1 H, « to N, s), m/e 174 (M**), 146, 118 (major peak),
104 and 70, v, 3 050 (aromatic and olefinic CH), 2 960
2 840 (aliphatic CH,), 2230 (CN), 1 630 (CH,=CH-), and
1060 (C-O—C)cm™. Compounds (9) and (10) were obtained
in very poor yield (conversion 109%,).

Oxidation of 4-Phenylbutan-1-0ol. To a solution of the
alcohol (0.03 mol), AgNO, (0.005 mol), and Cu(CH,COO),
{0.002 molj in H,O (10 ml) and CH,CN (10 ml) vigorously
stirred and refluxed, was slowly added over 30 min a
solution of Na,S,04 (0.02 mol) in H,O (10 ml). Stirring and

* Instrument: Perkin-Elmer RMU-6D, 70 ¢V, column packed
with 3% OV-17, 5-ft x }-in.
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refluxing were continued for a further 4 h. The mixture
was diluted with H,O after cooling and extracted (x 3) with
ether. After removal of the solvents under reduced pres-
sure, the crude oil (3.96 g, 889, overall yield) was analysed
by g.lc. (using 5-ft x }-in column packed with 109
Carbowax 20M on Chromosorb W DMCS, 80—100 mesh).
Only two compounds were detected, 4-phenylbutan-1-ol
(62.59%) and 2-phenyltetrahydrofuran (37.5%,) (conversion
49.7%,, yield based on converted alcohol 66%). 2-Phenyl-
tetrahydrofuran (14) was isolated on a silica gel column
(eluant hexane—ethyl acetate, 8 : 2), §(CDCl,) 1.8—2.4 (4 H,
CH,CH,, 8 to O, m), 3.8—4.2 (2 H, CH,, « to O, m), 4.75—
49 (1 H, CH, ato O, t), and 7.2 (5 H, CiH,, s), m/e 148

A
(M*'), 147, 105 (Ph—-CO*), 104 (Ph~CH=CH,), 91 (Ph—CH,*),
71and 43, v, 3 040 (aromatic CH), 2 970—2 830 (aliphatic
CH,), and 1 060 (C-O—C) cm™1,
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